8.0 ALTERNATIVES TO PESTICIDE USE AND APPLICATION

8.1 Introduction

The amount of pesi o

i

z zoplied in California is large, and pesticide
users would deem &%l -~ - =~ -2 necesszry. A considerable portion of the.

pesticides applied find: 3z way ints the atmosphare and contributes to the

o)

air pellution proplem. 7 there is ic be any reduction in air pollution
caused by pesticides, it must aimeost certainly invelve shifting to alterna-
tive ways of pest conirel and, to some degree, through using better appli-
cation methods to ensure that a higher percentage of the pestfcide app]ied

reaches the target organism. These alternative methods are discussed here.

8.2 Alternatives ts Pasticide Use

8.2.1 Biological Control

Many natural ensmies of destructive pests are already being used for
1

pest control, primariiy in agricultura,” and methods are being developec
2
for using a variety of different organisms for various kinds of pests.

The organisms imported for the destruction of pesis thus Tar have been

q r

mostly arthropods {insecis and related groups}, but other organisms have

-

also been used to som For example, furgi have been used to control

fD

der
leg

3 .. o .
weeds,” fish to control mosguitos and piants,” bactaria and viruses to

. ) . . .
control insects, and varicus microorganisms o control nlant pathogens.

The nature of bioicgical contrgl. The term “biological control” has
been defined as "the aciins o7 parasitas, pradaicrs, or pathogens in main-

taining another organisme nccuistion density at a lower average than would
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occur in their abéence.”8 Biological control is part of the "natural control" -~

through which biotic and abiotic factors operate to prevent a population of
organisms from increasing to infinity when the number of of fspring produced
is greater than the parent stock.

We are not usUé]Wy aware of the effective operation of biological
control, but it becomes apparent in some instances when the balance of the
control is disrupted. This kind of disruption has been observed where pes-
ticide applications have decimated the predators of an insect pest and
allowed the pest population to increase dramatica'!]y.9

In a natﬁra? biological community, the populations of individual
species tend fo fluctuate above and below the average density for each
species. Some species'wiﬂﬁ remain rare in a given area while others will
be abundant. Each population may be said to vary within certain Timits
about a typical mean density or equilibrium position.lo A similar dy-
namically changing population equilibrium is considered to exist among
various organisms in an agriculturail crop area;lg’ 1

The equilibrium pbsition of a population can be shifted upward or
downward by changes in the favorability of the environment. 'More‘favofable
conditions consist of readily availabie food, optimal temperature and
moisture, etc. Competﬁtion for food, predation, parasitism, etc. are un-
favdrab]e and can lead to a lowered equilibrium position.ll

A small number of the pest organisms can be tolerated in essentially
every crop and in most other places where pests occur. OCften, the level
considered tolerable in a crop is the number.of pests which would cause

damage equal to the cost bf controlling or suppressing the pest popuiation.

. w10
This level of pest infestation is called the "economic threshold. It
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should be recognized that pests cannot be permanently eradicated by any

L3 . 5 -
i

method except in small Jsclated areas. The goal of biological control is

not to eliminate pests z:% =27 but te keep thelr populations well below
the economic threshsld  »z-=7gre, in areas where adequate biclogical

control is operating, Sh: rrzzznce of a possible pest organism is not

viring a confral action.

considered to be a pro:z

Application of bicTogical control. Since biclogical pest control
s P

functions by the acticns of other living organisms, man's activities in
applying biological control have been limited to three areas: (1) impor-

tation of natural snemiss of

-

asts, (2) augmentation of the action of the
natural enemies through msdification of the environment, and {3) mass-
production and release of species capable of destroying members of pest
popu]ations,.12 The first of these approaches is preferred since, if it is
carried out successfully, the pest may be parmanently controlied by the
natural enemy with no further action required. The other two approaches
require continued actisn and may be more expensive in the long run. Each
of these approaches avoid many of the disadvantages of chemical control

methods. There is no chemical contamination of the enyironment, and de-

. . C o ba oo 12
velopment of host resistance is highly unlikely. Damage to nontarget

T8 -

organisms and disruptions of “he envircnmental balance are rare from in-
20, 30

i

sects, bacteria, and viruses, the most commonly used natural anemies.

he term "natural enemies" is used to

Importation of natural enemies.
refer to any insect or other organism which is parasitic or predatory on

' . . . 13 . .
another, particularly a pest crganism. Atthough exotic natural enemies

b

(o}

are often imported to coniro! specific pests which are their natural hosts,

they may be useful in tha control of sther, related pesis as well.

pa—
N
L)



A large part:of the problem with pests has resulted from the accidental .
entry of the pest intp an.area without the parasites or predators which
keep them undér‘contro1 in their native habitats. 'It_has been estimated
that 60 percent of the major arthropod pest species in the U. S. and more
than 60 percent of the plant species recognized as weeds in California are
from other countries.14 The best place to look for organisms capable of
destroying ﬁhese immigrant pests is the pests' native lands where their
natural enemies exist. A considerable part of the biclogical control effort
is spent in seeking out and testing such organﬁsms.

It should not be thought, however, that the only Species which will
attack a pest are those which originated in the same area. The introduced
oriental fruit moth Grapholitho molesta (Busek), for example, is reported

to be attacked by as many as 56 species of parasites in the United States15

and 25 in France and Ttaly.'

A successful program for importing a pest's natural enemies requires
well trained personnel and an adequate organization to ensure that an appro-
priate search is made for the right organisms. Necessary safeguards must
be taken to prevent the accidental intfoduction of other harmful organisms.

Although natural enemies of pesis are sought in foreign lands, usually
where the pests originated if it is known, predatory insects do not always
show great host specificity. Bartlett and Van den Bosch13 recorded some

instances in which pests were controlled by insects from other areas. In

one case, the grubs of a beetle from Korea and Japan, ‘Anomala orientalis,

attacked sugar cane in Hawaii but were controlled by a wasp, Camgsomeris

marg1neiia modgsto (Sm,), which is native to the Philippines.

It has been recommended that multiple importations of various kinds of -~
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natural enemies should be made in order to increase the chances of obtaining

the best natural enemy ¢¥ & 2:zst/host in a particular habitat or range of

. 12
habitats.
Natural enemies "z ~ave baen found during foreign explorations must
be collected and someii~z  -szevad to provide sufficient numbers and shipped

inezion country. The collector or

ot

to a quarantine laboratoyy T3 the des
the quarantine laboratory must study and select natural enemies based on
their host preference, cther characteristics of behavior, and their 1ife
cyc]e.13 Such bislogical control agents must be thoroughly examined for

the presence of disesases apd

7]

acondary parasites which may attack alternate,
17 ‘

N

desirable hosts among native specie
Organisms which show some promise of controlling a pest must be cultured
for further testing, mass produced, distributed, and released into areas
where damage from the host cccurs: Sometimes the imported organism can be
colonized, without mass production or elaborate testing o determine its
ability to survive, by simply releasing a few individuals in the vicinity
of the host. Ordinarily, repeated releases are made at a number of sites
selected for environmental diversity. It has been suggested that adverse
climate has been respensible for movre failures of colonization than any

. 1e . - s as sl
other single factor. Trwironmental variations may alsc Timit a natural

By

4}

zirza occupisd by its host.

(e

enemy to only a part of -

il

»0nce a natural enemy of z pest species is established in an arvea it
generally ﬁrovﬂdes some degrez of permansnt biological control of the host;
this may be disrupted by éhaﬂﬂes in zhe sceiegy, primarily those initiated
by the actions of man.

The effectiveness of bizlogical contrcl. Tha biolegical control of




pests through the importation of natural enemies ﬁas worked very well in

some instances and less well 1in others.12 |
In the first well known application of the method, the threatened

destruction of the California citrus industry by the insect, cottony-cushion

scale, Icerya purchasi (Mask.), was stopped by the vadalia beetle, Rodoiia

cardinalis, brought from Australia in 1888. The_cottony-cushion scale has
not been a problem since that time except when the vadalia beetle population
has been reduced by 1nsecficide app]ication.lg

Van den Bosch and Messengerl 1istéd 95 species .of insect pests and 21
weed pests which have been complietely or substantially controlled in dif-
ferent parts of the world by imported insects. The 12 insect pests con-
trolied in California are Tisted in Table 8-1. Two species of weeds have
been substantially or completely controlled in California by imported
natural enemies. |

On the basis of past experience in importation programs throughout the
world, the probabiiity of obtaining substantial.or complete control of an
insect pest would be 40 percent for any‘natura1 enemy imported.12 This
success rate is remarkably high, but it does represent successes among
those natural enemies which were selected for import from foreign countries;
it does not indicate the degree of success obtained in searching for can-
didates for importation. In fact, the primary factor responsible for
Timiting the increase in effectiveness of biological control is reported
to be the failure to direct more effort 1nto natural enemy importation pro-
grams.lz’ 20, 21 ’

Augmentation of biological control. Natural enemies of pests, whether

indigenous or imported, frequently do not keep the host population below
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TABLE 8-1

Insect and Weed Pests Which are Completely or Substantially

bt controlled in Caiifornia by imported Natural Enemies.

I. Insects

Pest Species Crop Degree of
Commgon Name ScTentiT o Name Affected Control
Pea aphid Acyrthosiphon pisum {Harris) Alfalfa S
Spotted alfala aphid Therigaphis trifolii Alfalfa S

Monelt)
Alfalfa weevil Hvoera pastica (Gyll.; Aifaifa S-C
Red scale . Ponidiella aurantii i{Mask.) Citrus S
Yellow scale Bonidislla citina {Cog.) Citrus S
Cottony-cushion scale Icerya purchasi (Mask.} Citrus C
Citrophilus mealy bug Pseudoccccus gahani (Green}  Citrus - C
Black scale Saisselia oleze {Bern.) Citrus S
Western grape leaf Harrisinia brillians Grape S
skeletonizer (B & McD)
Olive scale Parlatoria oleae {Colree) Q1ive, disciduous S-C
fruits
Walnut aphid Chromaphis jugclandicola Walnut ' S-C
(Kait.)

Nigra scale _ Saiszeziia nigro (Nietn.) Ornamentals S

II. Weeds

Weed Species . Type of Degree of
Common Name . SCTentitic name Enemy Control
Klamath weed Hypericum serforatum (Linn.)} Leaf-feeding beetles &  C
: root borer '
v 3 a » .
/ Tansy ragwort Senecig Jacobacae L. Leaf-feeding S

Tepidopterau

83= Substantial 147
C= Cqmp]ete



the econdmic threshold. There are many bossib]e reasons for this failure.
Sometimes the attacking organism may become very rare at some time of the
year if it is primarily dependent on a single host species for food. This
occurs especially with enemies of pests in annual field crops. After the
growing season, suitable stages of the host may not be avajlable until tﬁe
next year. When the pest population increases again with the next crop,
the few natural enemies left are unable to reproduce fast enough to cope
with the pest. When predators and parasites are not able to keep a pest
under contrel in this way, it is sometimes pos$1b1e to increase their
effectiveness by: {1) providing alternate areas for host breeding, (2)
providing areas for feeding on alternate hosts, (3) providing supplementary
food sourcesszzland (4) ﬁaking periodic releases of the natural enemy. H

Before augmentation of natural enemies is attempted, the efficacy of
anv method should be established by experiments'and studies of the life
cycles and feeding habits of the pest and their enemies.23

Alternate feeding areas for the host or its natural enemy will often
consist of weedy fence rows and roadsides which have not been cleared of
weeds or other vegetation. For example, there has been much greater control

of grape leafhopper by thé parasitic wasp, Anagrus epos, in those areas of

the central valley of California where blackberry bushes have been allowed

to pro'ﬁferate,z4

The blackberry patches support an alternate host for the
wasps during the winter months.

| Mass rearing and inundative releases of insects for_the practicé1
control of pests is carried out to some extent in the United States; it is

reported to be common in the Soviet Union and some other countries.25
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A number of different insect species have been used in experimental

mass releases with varying

tical releases consist o7

The practicality of rs

erably on the economics =7

In experiments in Califivniz,

pratiosum per hectars per
rates of 59 to 81 percant

maximum of 8.5 percent to

have been collected in their

these have not been very effec

migrate.

priate feeding scheduie prior fto release;
provide this pretreatment.

Microbial contrel of pest

25

segrezes of success but the majority of prac-

snazias of the egg parasite Trichogramma spp.

.‘--\—N«V -

o “nsects for pest control depends consid-

~ing insects since Targe numbers are needed.

. g—\.;:

nla, the release of(lOO,SOO'I,

waek among processing tomatoes gave parasitization

in pest insects and reduced fruit damage from a
2.8 percentn26 Large numbers of Tady beetles
~ rasting areas and sold to farmers. ~Usually,

tive since the beetles have the desire to

They may stay in the release area if they have undergone an appro-

some firms supplying lady beetles

Microcrganisms provide an additional

means of biological control which operates in nature and may be app11ed

for control of both insect ard plant pests.

-

27, 28

The first work aimed at producing microbial pathogens for insect

control was carried out

1940, Bacillus popiliias,

used in conjunction with olhzar
in the northeastern United States especially.
The pathogen most widaly

thuringiensis var. thuringiensis.

by Russian worke

sz bacterium which causes

rs in the 1880s.%” Beginning about

miiky disease,.” was

methods to control the Ja apanese beetle

clogical control is Bacillus

5\
~

1S

names Biotrol, Dipel, i

applied as dusts or

e .
cratrsl, ans

sorays using the same egquipment

sold under the trade
i Thuricide. The preparations can be

used for applying



chemical insecticides; they can even be mixed with other pesticides.3l’ 32

Bacillus thuringiensis is mederately speciffc; it does not harm beneficial

insects and is not toxic to other animals. Sprays must be applied at the
proper time and under favorable weather conditions since the preparations
must be ingested by insects.31 Some examples of pest control programs in

California that use Bacillus thuringiensis and other pathogens are listed

in Table 8-2.
Viruses. The use of viruses to control pests has been under study for

some time.45 One of the most important developments has been the viral

insecticides used with some success on the cotton bollworm, Heliothis zea.33

Nuclear polyhedrosis virus (NPV), used to control Heliothis, is sold by

Sandez under the name Elcar. 0

48

Although other viruses have been tested for insect contro147’ and

the U. S. Forest Service has registered viruses with the Environmental
Protection Agency (EPA) for use on gypsy moth and Douglas fir tussock moth,

they are not commercially available.

46 One reason for this lack of avail-

ability is the pesticide industry's reluctance to become involved. According
to Fa?con:33 (1) There are high costs, and a long time-period is required
for development and for obtaining EPA registration, {2) After development,
the virus cannot be patented, (3) The potential use cannot compete well

with chemical pesticides, and (4) The production of viruses is difficult
because 1ive insects must be used. Viruses also have a short life when‘
exposed to the ultraviolet radiation of sunlight on foliage. Additives,

such as activated carbon, have been used to extend the life of viruses

under such conditﬁons.48

Although viruses and other microbial pesticides are not used much at
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Exampies o7

Californiz

Emplcy [nizgrotaed Control Principles.

TABLE 8-2

T

~zzni-Pest Control Programs in

thet Utilize Insect Pathegens and

33

insect Pathogens?

Crop Status? Matural Apnlied Host Reference
Alfalfa opP F aphid 34
HPY NPV, B.t. caterpiilar

NPy armyworm
Appie Exp F GV codiing moth 35
oP F codling moth 36
Cole op NEY NPV, B.t. cabbage looper 37
Cotton op NPY NPV, B.t, cabbage looper 38
NPY NPY beet armyworm 39

NPY boliworm
Forest Exp NPY NPV Douglas fir tussock 40

moth

Grapes oP B.t, teafolder 41
| skeletonizer 42
Mosquito Marsh Exp F F Aades sierreusis _ 43
Ornamental trees op B.t. red-humped caterpillar 42
| pakworm, budmoth 44

80P = Operational programs; Exp
B.t. = Bacillus thuringiensis,

X
NPV = nuclear polyhedrosis virus;

perimental orograms
Entomogenous fungi; GY =

-

F =

granulosis virus;
NY = poninclusion virus



present, the search for more effective microbial agents by the USDA, other
government agencies, and various universities is continuing.

The advantages claimed for the use of microbials over the use of chem-
jcal pesticides are:

1. They are not toxic to humans and other organisms;

2. They do not harm beneficial insect enemies;

3. They are not long lasting and do not leave harmful residues in the

environment (hydrocarbon.so1vents are not needed); and
4. They do not readily Tead to the development of resistance in target

organisms.
8.2.2 Genetical Methods of Pest Control

There are two forms of genetic pest contrel. In one, the genetics of
the pest are altered in some way to make them less able to reproduce; in
the second, host reéws tance to attacks by the pest is developed by cross-
breeding. The latter method is also referred to as varietal control. 32
Because of their complexity, both of these methods are largely out of the
'hands of individual growers and their deve]opmént must depend on govern-

mental and other research organizations.

Sterile reiease programs. - The eradication of the screwworm from the

southern United States is the outstanding example of the successful use of
the sterile insect release method (SIRM).49 The screwworm was eradicated
frém Florida in 1959 and from other parts of the U. S. by 1965.50 Since
that time, there have been no similar successes of SIRM anywhere in the
world, although there haVe'been efforts to apply the method against other

1nsetts.51’ 52 Sterile male releases have been made on a continuing basis

152



to exclude the entry of the Mexican fruit fly into southern California.53

In the SIRM, insects must be laboratory reared in large numbers and
the males are sterilized before they are released to mate with females of
the wild population. Successful eradication of an insect using the SIRM
requires that: (1) the females must mate only once; (2) the males must not
be reduced in competitiveness by the rearing or the sterilization procedures;
and (3) the releases must be made in a geographically confined area.50 Since
these characteristics may not apply to more than a small number bf insect
species in the Uﬁited States, the SIRM will probably be more useful in
suppressing rather than eradicating insect populations; perhaps with the
incorporation of delayed steri11ty or hybrid sterility into the program's
objectives.52 | | |

"De]ayed sterility," "hybrid steri]iﬁy,“ and "genetic load" refer to
characteristics which theofetica11y can be bred into a line of insects,
which, when released to breed with wild insects, could pass these deleterious
genes oh. This might then lead to a suppression of the species popu]ation.49
These methods have not passed beyond the experimental stage, and_their
feasibility has not been proven,

Although the SIRMs are ingenious and héve received'wide bub]icity for
some of the successes attained, it does not appear that the application of

these methods will be significant except in a few special cases.

Varietal resistance. Some plant and animal varieties, which are less

susceptible to damage from insects and pathogens than other varieties, have
been called resistant. The use of resistant varieties to control insects
and pathogens has been in progress for many years and is expanding.54"55

Using resistant varieties has been called "the ideal method" since no ad-
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ditional work.or‘expense is involved once the‘variety is in the hands of
the grower.56 | .

I resistance is complete, there is no cost for applying pest controls
such as ehemica] or microbial sprays, and there are no edvehse effects oh
the environment from poisons or spray residues.

In 1968, it was reported that'about 75 percent of ‘the aéreage in agri-
cuTturaT production in the United States used varieties developed by plant
breeders for some form of disease or insect resistance, and fn some crops
such as alfalfa, fhe percentage reached 95 to 9_8.57 |

Plants have been classified as having three basic mechahisms of re-
sistance depending on the reaction of the‘pest;s (1) They may be nthreferred
for food, 0v1p051t10n, etc ,,(2) Resistant p]an%s may haVe an adveréé
| efTect on the pest resulting from the1r chem1ca1 compos1t1on or “the morpho]ogy _
of the p]ant, and (3) The plant may. tolerate a h1gh degree of 1nfestat1on
by the pest 58 Resistant varieties of plants and other orgah1sms are ;
deve]oped by exposing a large number of varieties from different sources
to the pest and selecting those which show some resistance and then cr0551ng
these with other varieties. |

In order to expose many d1rferent p]ants to an insect pest for examp]e,
it is hecessary that a large supply of 1nsects be ava11ab1e Frequent1y,
thls means that the insects must be reared 1n 1arge quantities or collected
in the F1e1d for testwng against the plant in the f1e1d 1aboratory, or
g‘”eehhouse'54 An assay system must be estab11shed for un1form exposure of
the p?ant ma1er1a1 to 1nsect attack, ahd the p]ants must be graded for the
degree of. resustance shown ' | |

Varaetxes developed for res1stance must aiso have other desirable
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~a %300 return for each do

characteristics such as a high yield and/or resistance to pests other»than
the one selected. Resistant varieties are often found among wild or exotic
species which do not havs masy cther desirable features. In such cases, it
is necessary to cross tham with other lines repeatedly and make selections
in such a way,tﬁat the resiziance genaes are transferred into an organism
with an overall balance of suitable qua?itiés. If field tests are not made
fairly early in the selection orocess, it is possibie to end with a variety
which lacks resistance to other pests or does not have suitable economic
characteristics.SS’ 59 |
A large number of plant varieties resistant to 1nsect555 and plant

pathogens6O

have been devaloped and released. Many of the resistant vari-
eties have greatly reduced the loss to pests. Luginbili6l (1969) reported
that the estimated annual savings in the United States from reduction in
loss due to use‘of varieties resistant to the Hessian fiv, to wheat stem
sawfly, fo European corn borer, and to spotted alfaifa aphid was $308
m11110n; Over a ten-year period, this was calculated to have resulted'in

ilar invested

Je N

n research.

Other varieties which provide only a limited resistance to a given

pest have been developed. Although such limited resistance is useful in

jtself, it also makes it easier o control the pest by other methods such

selective herbicides,ﬁzﬁ 63

as biological contral or use of
There are some problems involved in the use of host resistance for

pest control. Onre is the failure of permanent control. Pests, especially

organisms such as those causing fungus diseases, are sometimes able to

overcome the resistance of the host by selection of new biotypes which may
B4, 6

(5]

arise through mutaticns. Monogenic resistance is thought to be
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particularly undependable. Nevertheless, the use of resistant varieties
is the main line of defense against some of the plant diseases and new
varieties must be developed as others become ineffective. Also there are
some varieties which have continued to be resistant over a long time. .One
of these is an apple tree reported to be resistant to wooly apple aphid in
1831 and which stiil has this resistance.59
Another problem in using host resistance as a control measure is the
time required to develop resistant varieties. This time varies from 3 to

59 It is sometimes difficult to find

15 years and the cost can be high.
adequate financial and organizational support for such long-term projects

though more is becoming available as the need is more widely recognized.55
8.2.3 Cultural Control

Cultural control of pests refers to the use of variations-from regular
procedures of culture which can be put into practice to reduce pest damage.
Cultural techniques are probably the oidest and most widely used form of
pest control, especially 1n-re1ation to weed suppression.

Cultural control techniques should be supported by or based on thé
results of research developed from an understanding of the life cycles and
habits of the pest organism.  This is true because the tactics used are
best designed to take advantage of nweak 1inks" in the pest's life cycle,
and the timing of an operation may be critical for its success. Also, the
success of an operation may not be easily prédictab]e or even evaluated
without careful study.

There are many cultural control techniques currently in use or of

potential value. Some are discussed below.
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Sanitation. Sanitziicn involve
‘residues or other materiz s which ma
environments for pests. The method

4o

every kind of pest wh

For example, sanizzticn “3 used
bollworm and the bo.0 weavi®, 2y des
after harvest.66 Trz statlhs avre sov

regrowth of the plants znd the produ

method is said to hawa 1 affect

pests, such as Heliott . and th

The borders of Ti= Htch ba
sources for harboring pests. Remova
help to reduce infestation from alte

waste areas should be undartaken wit

the maintenance

important areas for

The practice of votalting crops

effective in controiiing pesis and 43

periods in the absence

against nematodes, soi’ fungi,
tinuous culture of one crop. year af

disease ovrganisms or o

‘nsects, microorganisms,

¥ the susceptibie host crop.
and against some insects and weeds.

[Ler year, can

s the removal or destruction of crop

v 3serve as breeding or overwintering

wely against almost
nematodes or rodents.
- two cotion pests, the pink
on of the cotion stalks soon

]

eddad and piowsd

ction of food Tor the pests. The

on the natural enemies of other cotton

are possible

1o m these areas may

rvate hosts. Destruction of weeds in

h caution, however, since they may be

of the natural enemies of pests.

ik

1)

js wall estanlished

and is primarily

diseasss which camnot survive for long

it

is effective
Con-

cause a build-up of

increasingly destructive.

An example of this is tha hean root rot fungus. Fusarium, and other fungi
which can be contrelied by rotation with bavl g°57 |

Some nematode | e economically controiled only through the
use of crop rotation. The sugar beet cyst nematodz in the Imperial Va]]ey
of California is controlled by only allowing the growth of sugar beets in

-,
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uninfested fields fbf two vears in é row or four out df ten years and only
one out of four years in infested fie]ds.l4

Crop rotation programs for the control of corn rootworms in the mid-
western United States stipulated that corn should not be grown for two
successive years on the same land. Under this program, the rootworms were
considered a minor pest. . With introduction of organochlorine pesticides,
crop rotation was abandoned but resumed after rootworms 1ncreased.fq11ow1ng
their development of resistance to the insecticide}l4

Tillage. Until herbicide chemicals were developed, tillage was the
only method of weed control other than hand pulling. There has been some
shift towards a reliance on herbicides in receht decades and some develop-
ment of the practice of minimum tillage. Under ordinary circumstances,
yields have not been found to'increase from the use of cu]tivation.14

Tillage can cause a reduction in the number of some insect pests
thfough mechanical injury and exposure. For example, damage from the wheat
stem sawfly was reduced up to 75 percent by cu]tivatioh.67 The effects of
microorganisms in the soil can be modified by tillage which allows the
ground to dry out faster and to warm sooner than untilled 50113.7 The use
of tillage to control pests should be carefully evaluated sinée many
enemies of insect pests can also be destroyed by the practice.

Trap crops and alternate hosts. Tkap crop systems involve the use of

an early planting of a crop, such as cotton, in a small strip. The trap
cfop may be baited with a pheromone to draw boil weevils or other insects
from adjacent fields which are Tater to receive the main crop. The cotton
in the trap strip (which may be 5 percent of the field) is then sprayed

with an insecticide which has no harmful effect on the natural enemies in-
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habiting the other 95 percent of
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have been replaced by chemical control methods in more developed nations -
though they are still being used in less developed areas.70 |
| Construction of barriers is among the most popular physical methods

used to control pests. Ditches and furrows can be used.to prevent the
migration of cinch bugs and army worms. Metal barriers are effective means
for detering subterranean termites. Screened windows and doors, and other
enclosures are effective barriers to mosquitoes, moths, and many other
botherscme insects.

High temperatures are sometimes used to déstroy pests usually found in
stored prodﬂcts such aé grains.69 Inseéts are killed at About 6000 or by
a 3- to 4-hour exposure at 529C to 54°C. Steam is frequently used to
sterilize eqUipment and soil in greenhouses. Propane or oil flamers have
been useful, in some situations, for weed control and for destrqying
weevils and their eggs in alfalfa stubble; this has allowed some growers
to reduce the number of chemjcaT sprays needed. Flaming has some obvious
disadvantages. It destroys.many of the natural enemies which helip to
control pests, and hydrocarbons and other substances are released to the
atmosphére.72 |

Mechanical means of pest control include the removal of insects from
plants by hand, and, in a more recent innovation, removal with sprays of a
mild soap solution in water.73 Cultivation to remove weeds and the formerly
widespread use of summer fallow of land with frequent tillage are measures
‘used for the mechanical disruption of weeds.

E]éctfomaghetic radiation of various wavelengths has béen proposed for
pest control. Light$ which attract or repel insects are the most commonly

used radiation devices. Black-light (ultraviolet) traps are employed in
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agriculture primarily for sampling insect populations; their use has also

. - il ) 74
been suggested to contra® the corn borer, the corn eavworm, — and some

¢y

insect pests of tobacce. i microweve deyice s reported to have been

developed and tested “o- the cortrol of weeds and other tests on vegetables

and other cmps.?0

f23]

The usa of adhesive sunstances is a successful means of controlling

-
1

pests in some instances. The use of flv paper is a weil-known example of
P ) ¢ p i

this method although it has been Jargely replaced by chemical emitters.
Sticky or greasy bands avound %he trunks of trees are effective for con-

tvrolling the larvas of oyposy noths,. cicadas, and cankerworms, as well as
ay¥ps]

ants and some other insentis.
8.2.5 Hormonal Control

Insect hormones. Insect growth reguiators have been studied for

. . M1 s .. 77,78
possible use in controlling insects. "~

They appear oromising because

of their high specificity, the small amounts needed, and their low toxicity

to other animals and plants.’

[{e]

The growth and development of insects is controlled by three major

e

3

hormones : the'braﬁn hormone, the moelting horymone {ecdysone), and the
juvenile h@rMone. The brai~ hormone stimulates the secrztion of the molting
hormone {MH); juvenilz hormone (JH) is released inte the blood at the éame
time as MH is released. Secretion of MH initiates the molting process, and

A, .

JH prolongs juveniliiy by dziaying the maturation of tissues.
The specific hormorz which is recuired at one stage must be absent at
other times if normal insect development and maturation is to occur. IF

applied externally, JH, or insect growth regulator {IGR} can prolong the



period of immatﬁrﬁty or resuTt in the produétion of additional immature
stages (instars).BO The immature forms usually die without reproducing,
although they may grow large and_db more damage by consuming additional
food. |

There is not a great deal known about the potential of using IGRs
to control populations in many insect groups. Mosquitoes are the most
studied in this regard and cne JH product has been registered for experi-
mental use against floodwater mosquitoes in the United States.78 A single
product may also be effective against other species since all JH chemicals
have structural similarities. |

To be effective, JH must be applied at the proper stage of the ‘insect's
1ife cycle. This may be jts most serious shortcomihg; this has been
partially overcome by the use of slow release capsu]es.81

Insect growth regulators are chemicals which are applied in much the
same way as other insecticides, but they differ from other insecticides

in that they are effective at lower concentrations (aircraft applications

of 0.025 1b/acre have controlled Aedes nigromacu]ﬁs),‘and they have littile

effect on other organisms. Although it is presumed that there is less like-
Tihood of target insects developing a resistance to IGRs, there are sbme ,
cases wheré resistance has deve%oped.gz The IGR itself should have little
effect on atmospheric hydrocarbon emissions as they are biodegradable and
unstable in sunlights however, the amount of such emissions would depend

~on the carrier used,

One of the main hindrances to the development of IGRs for insect
cantrel is the reluctance af companies to embark on a development program

in.view of the uncertainty of IGR's economic efficacy. A considerable part
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of the investment for such a program would have to be used to meet govern-
ment regulatory requiramesnis.’

Insect attractant: (gherorcnes). Insact atiractants or behavior-mod-

ifying chemicals {ca®7’=2 "~hz-cmones" 7 they originate in the insect) have
, o . 23, 84, 85 :
received considerablz == v “ 1 zccent years., ° : 8 Hundreds of these
. . C \ . 83 | .
insect behavior chzmiczis rzve been identified, ~ but none are being pro-
87

duced for general '1se& “- ornn orotection.
Some of the majer uszs o ootential uses of insect attractants are:
to monitor for the pressnce oFf insects in an area, to determine the den-

sities of insects in an zrea, and to uss in actual control procedures.

Traps baited with attractants are alrsady used in monitoring for the

presence of insects. Fcor example, tha USDA used traps baited with syn-
thetic lures to detect the zcocidental ‘mportation of the Mediterranean
fruit fly, the melen fly. and the oriental fruit fiyngg The use of traps
to determine populaticn densities has not been entively satisfactory since
the number of insects in a frac may not be clesely relatad to the severity
of an infestation.

Mass trapping and the disruption of the pheromone-guidance system by

air permeation with the atiraciant are the methods beinc tested for con-

_L

trolling insect pooulations. Mass traocing appears o be effective when
[l il horl [aly

the insect population s r=iz  be useful in preventing

a population build-up. If % already high, the traps
may capture a large number oF fasacts but not enough tc reduce the popula-
tion to economic thrashz’d Tezvels.

Field experiments with th

(6]

comnunication disruptior method suggest it

-

may be the most effective way to use attractants for control purposes




although general usefulness of the method has not been estabiished. 1In one
experiment, gossyplure, a sex pheromone of the pink bollworm, was continu-
ously evaporated during the growing season in all cotton fields of the
Coachella Valley of California, but the number of larval infestations of
the cotton bolls after treatment were about the same as those that occurred
in previous seasons when fields received conventional insect coﬁtroi treat-
memts.83

An important characteristic of pheromones is that they are specific;
only one species or several cleosely related species respond to the same
chemical. This is a distinct advantage since otherlbeneficial insects
would not be affected. 1In most cases, however, crops are infested with
more than one economically-important insect, and thé use of control agents
specific for only one of them could be a distinct disadvantage. Fortunately,
experiments indicate that combinations of pheromones which affect different
species can be effective;gg this is a situation which adds considerabie

promise to the effectiveness of using pheromones in pest control.

8.3 Alternative Pesticide fAppiication Methods

In most pesticide applications, little of the pesticide applied
actually reaches the site of action within the target pest. A large per-
centage of a pésticide is lost during and after the application. A sche-
matic description of the typical Tosses between the spray nozzle and the
site of intoxication is shown in Figure 8-1. . The percentage Toss figures
shown do not represent one specific case but were composited from several
field studies.

If the use of a pesticide, starting from the application to the toxic
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action inside the target pest, could be made more efficient and less waste-
fyl, a smaller amount of pesticide could be applied, and Jess pesticide
would be emitted into the ambient air. However, in a practical, operational,
or economic sense, most of the pesticide Tosses depicted in Figure 8-1 are
unavoidable at present. Only those approaches to pesticide appiication

that may reduce or eliminate avoidable wastes and losses which result from
unnecessary use, overuse, misuse, or improper planning will be considered
nere.

Drift control. Pesticide drift is the movement of a pesticide to

places other than‘the intended target area. If thé drift of sprayed pesti-
cide can be reduced, Tless peSticide will be required, and therefore, less
pesticide WilT be emitted into the ambient air.

| The particle size distribution of the spray is probably the most im-
portant factor contributing fo off-target drift. Large droplets that have
an appreciable fall velocity will fall out within a short range while

small dropiets with negligible fall velocity may be dispersed cver a larger
area before hitting the ground. Table 8-3 shows the theoreticai drift of
droplets of different sizes under djfferent atmospheric conditions. All of
the water droplets (sp. gr. = 1) are assumed to be falling at terminal
velocity for a vertical distance of 20 ft. and to be displaced horizontally
by an average‘wind speed of 5 mph. Since the particulate sizes involved
with dusts are generally smaller than those with 1iquid sprays, drift
during application is an even greater problem with dusts. It is obvious
‘that drift can be controiled better if the size distribution can be shifted
toward larger particles. However, less pesticide is required to

cover a given surface area if particle size can be reduced. Smaller
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TABLE 8-3

Theoretical Drift Distance (No Evaporation)
of Water Droplets Falling 20 ft. in a 5 mph Wind.?®

Droplet Diameter

um) No Turbulence Intermediate Turbulence
1000 1.5 ft. 11 ft. 9.3 ft.
_500 6.0 ft. 24 ft, 13.1 ft.
100 150 ft. 152 ft. 29.3 ft.
50 600 ft. 336 ft. 41,5 ft.
10 2.8 miles 0.4 miles 92.7 ft.
5 11.4 miles 0.88 miles 131 ft.
1 284 miles 5.6 miles 293 ft,
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dropjets would provide a greater total surface area than would larger
droplets (see Table 8-4). In a practical or.economic sense, the size dis-
tribution of droplets should be controlled in a way that the least amount
of pesticide is applied. The droplet sizes should be small enough to cover
the area without using excess pesticide but Targe enough to control drift.
The otjéctive for achieving effective control, therefére, is to produce a
uniformly small droplet size sufficiently large enougﬁ to control drift
under the conditions of anplication.

Drift control can be acéomp]ished in four ways: (1) reduction of very
small droplet formation, (2) reduction of evaporation, (3) prevention of

droplet dissemination, and {4) reduction of drift distance.

1. Reduction of very small droplet formation. Droplet-size distribu-
tion can be regulated by modifying the design éf spray devices and by
changing the physical properties of the spray solution. The thinner the
spray sheet after it leaves the nozzle opening, the finer the spray pro-
duced. Droplets of very small size are therefore usualiy produced under
high nozzle pressures and with great fan angles. In order to eliminate the
formation of very small droplets, nozzle pressure and fan angle should be
carefully adjusted. The nozzle should not point forward on airplanes or on
ground rigs. The drift of a sprayed liquid weed killer or insecticide away
from the target area can be greatly reduced by blowing hot Qas or steam
écross an ordinary spray nozﬂe.92 Very small dropiets can be effectively
eliminated from a spray by simply attaching a hot gas generator or a steam
genekator. If the drift of sprayed solution can be reduced, up to 40 percent
less chemical is required to covér an area.

The droplet.size can be increased by adding thickeners to sprays to
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TABLE 8-4
Total Surface Areas of Spray Droplets
- of Different Sizes Per Gallon of Spray.
Droplet Diameter Number of groplets Total Surface Area

(um) (x 10%) (m3) |

( _ 1,000 7 23

500 ‘ 58 46

100 7,230 227

5 57,830 454

10 7,230,000 2,270

5 57,830,000 4,540

1 7.,230,600,000 22,700

N

{
N

163




increase their viscosity. These thickeners increase the droplet size by
increasing the thickness of the spray sheet.

2. Reduction of evaporation. Reducing the evaporation from spray

droplets can reduce hydrocarbon emissions by reducing both the evaporation
of solvent from droplets and tne formation of very small droplets. This
can be achieved by using less volatile diluents and by adding evaporation |
suppressants to the spray solution.

3. Prevention of droplet dissemination. Preventing spray droplets

from disseminating also reduces the formation of very small droplets. This
can be achieved by modifying the design of the sprayer nozzle and by
changing the physical properties of the spray solution.

4. Reduction of drift distance. If the drift distance can be reduced,

less pesticide is required to cover an area, and pesticide evaporation from
sprayed droplets is reduced. The drift distance can be reduced by 1owerihg
the height of the sprayer nozzle. It is obvious that the closer the nozzle
is to the sprayed surface, the less chance there is for air currents to
carry the sprayed dronlets away. The best way to do this is by avoiding
wide nozzles, spacings, and narrow fan ang]es.93 However, it is possibie
that, with some methods of aerial application, a larger amount of pesticide
would drift away if the application height is too 1qw, This may be due to
the seQere turbulence caused by the aircraft siipstream and is reflected by
a swirling pesticide deposit pattern in the swath area.

Selection of appiication methods. Aerial applications usually show a

nigher potential for drift than do ground applications when spraying
similar dropiet sizes. However, there is a strong economic incentive for a

Jarge ranch to use aerial application methods.
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Pesticide can be applied aerially by three methods: water-diluted

emulsifiable concentrats, tow-y2iume, and undiluted ultra-low-volume. Water

e

H2

is added to the emuic F+::7z nasticide product to make a water-diluted

s}
i

b

emulsifiable concertrztz wrich '3 applied at a high rate. Low-volume appli-
cétion involves the uss o7 =-2%7yted technical formulations. Ultra-Tow-
volume applications use sreciai:y formulated, concentrated products which
are applied at an especiclly low rate. U]tra—iow~vo?ume sprays, usually
applied as smaller particie sizes than low-volume sprays, are generally
moré suceptible to drift. However, a smaller amount of pesticide is used
in an ultra-low-volume sorav, Ultra-low-volume sprays de need special
formulations which have a Yew volatility. Water diluted emulsifiable con-
centrate droplets, although initially large, rapidiy Jose size and weight

through evaporation of the water and become more subject to drift.

Pesticide formulations. In California, most cf the pesticides applied

by commercial applicators are in the form of spray formulations. The shift
from dust formulations to spray formu?ations‘shou]d be encouraged mainly
because it can reduce the drift hazards due to a significantly larger
particle size spectrum.

The phyvsical properziss of a spray sclution can be changed by reducin
v I .

+s emitted. The major physical properties re-

)

the quantity of smell dre

lated to droplet size zre suriace tension, viscosity, density, and vapor
pressure. These physicai properties can be changed by modifying the pes-
ticide formulation.

As was noted eariliar., Ihz potentiz for drift may be reduced by

using thickening agents o reduce the number of fine droplets.
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The thinner the spray sheet after it leaves the nczzle cpening, the
finer the spray produced. Thickening agents are natural or synthetic
polymers that are soluble in water and increase its viscosity. Several
other adjuvants can also modify the viscosity of an agricu]turéﬁ spray.

Meteorological considerations. Pesticide drift is a direct result of

the transport of sprayed droplets by atmospheric movement. Meteorological
parameters that affect drift are wind direction, wind velocity, turbulence,
air temperature, humidity, radiation, precipitation, and stability of the
ambient atmosphere.94

Local wind patterns should be carefully studied before the application
Qf pesticides. It is of prime importance to have the pesticide fall in the
target area. However, since wind direction can change during the spraying
operation, some type of visual indication of wind direction éhou]d be
installed at the application site. The spray operation must be stopped
immediately if the wind direction changes.

High wind tends td carry a large portion of sprayed pesticide away
from the target area; drift problems can be minimized by spraying only when
the winds are 1ight. The horizontal distance that a pesticide is carried
is directly proportionail to the wind velocity. MacCo11om95 found that the
best time to spray was when the wind velocity was 6.4 to 8 km/nr. However,
the wind velocity profile varies with surface roughness and atmospheric
stability. These should be measured to provide the information necessary for
calculating the transport of pesticides near the ground surface.

1t is very important‘to avoid spraying a besticide under strongly tur-
bulent conditions. Aithough'TabTe 8-3 shows that very small droplets are

not transported as far away from the target area under turbulence as they
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are under conditions of no turbulence, a Targe amount of pesticide is still

required because the turby
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te for small droplets is sur-

droplet of pure water at 86%F in an atmo-

-

= hunidity will evaparate in 3.5 seconds; this

his time. It is obvious that meteo-

the evaporation rate of sprayed droplets
hefore pesticides are applied.

mechanism for removing some of the fine pes-

5

atmosphere. 0On the other hand,

ion and in open fields may be washed away by

precipitation,. Pesticide zppiications, therefore, cannct be conducted
before or during 2 rzinstorm. Weather forscasts of orecipitation should be
closely followed.

Air temperature prcfiiés that have a lower lapse rate than the adiabatic
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TABLE 8-5

Evaporation Rate of Water Droplets

at 86%F in an Atmosghere of 50% Relative Humidity.“0
Droplet Diamater Lifetime Distance of Fall -
(um) {sec) {ft)
200 56 69
100 14 6
50 3.5 0.1
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1apse rate are commonly referréd to- as inversions which dampen vertical dis-
placements and produce stable conditions. Any femperature lapse greater

than the adiabatic lapse is called super adiabatic and proddces unstable
conditions in which less dense air parcels near the ground surface accele-

rate upwards to a position of equilibrium. Although less vertical movement

of sprayed pesticide would occur under a stable condition, a well-mixed

layer may exist near the ground with an inversion layer persisting aloft.

Recent tests confirm that the pesticide concentration downwind of a target

area is higher during inversion conditions than during unstable conditions.94’ %5
The best time to spray a pesticide should be durihg the absence of inversion
conditions. A strong inversion may exist during the night, early morning,
or late afternbon..

Timing of pesticide application. Pesticides must be applied during

the "weak stage" in the pest's Tlife cycle. Herbicides should be applied
only during the preemergence and postemergence periods. However, most ﬁes—
ticide applications today are regarded as a part of routine practice for
certain commodities. Almost exactly the same types and amounts of pesti-

cides are applied year after year.

Soil incorporation. It has been shown that incorporating pesticides
into the soil can have a substantial effect on their efficacy and.persfs-
tence. Pesticide evaporation can also be substantially reduced using this
method. Therefore, pesticides which are applied to open fields should be
“incorporated into the soil jmmediately after application. Maximum per-
formance of herbicides sprayed for subsequent incorporation into the soil
can be obtained only by uniformly mixing the herbicides into the surface

layer.
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8.4 Alternatives to Weed 0i1 Application

In additicen to those alternate application methods discussed in the
previous section, the following methods may be considered as alternatives
to weed oil applications. Some of the methods referred to here were also
discussed in Section 8.2 (Alternatives to Pesticide Use).

Preventative weed control. Preventative weed control encompasses all

measures taken to forestall the introduction and spread of weeds. Since no
preventativé measure can be expected to eliminate all of the numerous
species of weeds found on any given land, prime attention sﬁou1d be given
to those methods that are most Tikely to return the most favorable resulis
for the effort expended. ‘

Planting weed-free seeds can help to avoid the introduction of weeds.
Weed-free seeds can be produced in selected areas where the most thorougn
and effective weed control procedures available are applied. Conversely,
seeds that come from an ordinary field are rarely clean. Weed seeds mixed
in with crop seeds must be separated out on the basis of their physica}

14, 19 Such differences include size, weight, shape, surface

differences.
area, density, stickiness, pubescence, texture, color, and electrical prop-
erties.

Farm equipment used in each step of crop-seed handling should be
cleaned before use. Special attention should be given to the movement of
farm animals sincé many weeds are disseminated by seeds that adhere to
animals or that can survive the digestive processes of animals. Soil
materials should be inspected before they are moved. Irrigation or runoff

from rainfall often carries weed seeds. Organized community programs may

be required to prevent this type of weed infestation.
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Some undesirable alien speciés may spread with aétouhding fapidity.
Rigid seed inspection précedures and vigilance in detecting incipient in-
festatjons are essential for early detection. In ﬁertain cases, quarantine-f
an extreme weed control méasure——may be a necessity. Intensive surveys and
rapid destruction are the only possible methods to eliminate infestations
97, 98

caused by windborne seeds.

Physical methods. Tillage control is an important physical weed

control measure. Tillage may remove weeds from soil, weaken them through
root pruning or other injury, or bury them. Tillage reduces or eliminates
weeds which may compete with the crop for moisture, nutrients, light, and
carbon dioxide; it can be implemented manually or mechanica]]y.14’ 97
Mowing and cutting are also practical methods for weed control by
controlling weeds in two ways. If properly timed, mowing prevents weeds
from producing seeds. Repeated mowings also aid in establishing perennial
plants which are generally small and produce weak seedings. Manual imple-
ments used in mowing are gradually being replaced by ﬁechanized equipment.97
Flooding has long been used to reclaim land from perennial weeds by
smothering them under water. This method is commonly used for weed control
in water-tolerant crops such as rice and taro. While it can be used to
control many weeds, aguatic weeds may become a problem after flooding.
Dredging, draining, and chaining are methods used to control aquatic weeds.
Dredging is seldom used because it is an expensive control method. Therefore,
it is used only to physically remove excessive silt where extensive weed |
growth occurs. Drainage of canals and swamps is an inexpensive method of
contro11ing weeds;‘it simply dries up their habitat. Chain dragging was a

method used widely in the past to remove aquatic weeds from irrigation
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canals. A chain, puiled by tractors, was used to tear out or pull the
submerged vegetation from the substrata. Weeds broken loose by chains
were carried downstream to a collection point where they were removed from
the cana].97’ 8
The smothering method can also be used to reduce the photosynthetic
capacity of weeds. Mulching materials such as straw, sawdust, bark dust,
paper, or a plastic sheet can be used to reduce or prevent the transmission
of 1ight to the weeds. They also serve as a seal for fumigants and as a
moisture barrier, and usually increase the soil temperature. The major
99

disadvantage of this method is the high cost of these mulching materials.

Biological methods. Biological control is based on the féct that

there are other organisms capable of killing or controlling certain weeds.
Natural enemies of weeds include a wide range of arganisms: 1insects,
vertebrates, microbial pathogens, and parasitic higher plants. The major
disadvantages of using this method are that it cannot be used to control a
~ complex of many weeds, and the host specificity risk may be too great.
Insects have received the most attention because of their great
variety, high degree of host specia]ization, intimate adaptations to hosts,
and stable dynamic control. To be an effective agent in the control of a
weed, an insect should be able to ki1l the host plant or prevent its repro-
duction, have the ability to disperse and locate the host plant, be able to
adapt to the environment, and have sufficient reproductive capacity. St.

Johnswort or Klamath weed controlled by Chrysclina quadrigemina at Blocksburg,

California is an excellent example of using an insect for the biological

control of a weed, %8> %

Habitat-management systems. Weeds compete with crops for Tight, soil
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moisture, soil nutrients, and/or carbon dioxide. Since weeds are generally

vigorous plants, they frequently win when competing with other plants. Most

habitat-management techniques rely heavily of subtle differences between
weeds and crops and manipulate these differenées in the way to give crops
an edge over weeds. Impoftant differences between crops and weeds involve
their 1ife cycles, specific growth habits, variations in morphology and
physiology, environmental influences and biotic factors that affect
weeds differently than crops.98
Soil manipulation, cropping practices, and manipulation of the water
supply are often used to make the environment more suitable for the growth
of crops. Seed bed preparation, minimum tillage, post-p]aﬁting tillage, |
and fallow methods are used most frequently to manipulate the soil to reduce
the population of weed seeds and to éontro] established perennial weeds.
Many cropping practices affect weed control. A crop variety may have
competitive advantages over weeds. Crop rotation may ;ontrol weeds with
Tife cycles that are not compatible with the cultural practices used for
one of the crops. Irrigation and rainfall also affect weed control because
they have a direct effect on soil moisture.97‘ 98

Chemical mgtpods. For many of the weed control problems for which

chemicals are applied, there are no effective and economical substitutes

at this time., A stand of weeds usually contains more than one species.
Biological control methods may not be appropriate for weed control except
uhder unusual circumstances. Additionally, noncropland areas frequently
contain rough terrain and are usually untilled; tillage and most other

physical methods of weed control cannot be easily applied. Herbicides may
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be used to replace weed 0ils in most weed control applications. From a
photochemical-air-poliution point of view, less hydracarbon emissions would
result from.the use of synthetic herbicides rather than weed oils because
a smaller amount of hydrocarboh would be appiied. For every control problem
for which weed oil is now recommended, there are usually several synthetic
herbicides available as registered alternatives. This is true whether the
applicatien is for cropiand or noncropland areas such as ditch banks,
roadsides., fence rows, and railroad right—of—ways.loo
If synthetic herbicides are substituted for weed oils, appropriate
selection of an herbicide would be necessary with regard to its selectivity,
its contamination of the environment, and the heaTth hazards it may present.
Each of these are already of concern and must be considered when applying
the available herbicides; to some degree, they are subject to requiation.

In addition., many effective herbicides are “s1ightly toxic" toward mammals,
biodegradable, and relatively nonpersistant.m1
| Nevertheless, other factors, in additian to acute mammalian toxicity.

should be considered before any direct recommendation is made to shift
from the use of weed oils to other herbicides. These other factors include:
the effects of long-term low-level toxicity, the mobility of individual

herhicides in the environment, and the amounts of these synthetic herbicides

which would be added to the environment.

8.5 Integrated Pest Management

Integrated Pest Management (IPM) is a pest control strategy which
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attempts to Qse'a11 available control methods in the Teast environmentally-
destructive manner. The emphasis on methods having a Tow environmental in-
fluence is based on an awareness of the natural controls that operate to
maintain a balance among populations of pests and other organisms. All
currently available methbds are included in the plan because it is recog-
nized that, in many situations, only chemfca] control can maintain a pest
population below the economic threshold especially if its population must
be reduced quickly once the threshold has been exceeded.

The application of ecological principles was advocated as the most
effective approach to pest control as early as the latter part of the
ﬁineteenth_century and has had itsbproponents through the first half of this
century.102 The development of the concepts of integrated pest management,
however, began after the discovery of synthetic organic pesticides in the
m1'd-194Os.14 It has had its greatest impetus from attempts to find methods
of pest control which avoid the serious problems which arose due to the bver
reliance on these organic pesticides. |

The main problems which were a source of concern resulting from the
use of organic pesticides were: (1) development of resistance, (2) target
pest resurgence, (3) induced secondary pest outbreaks, and (4) environmental
contamination. Many insect pests have developed resistant strains following
repeated treatments with pesticides; Sometimes this led to higher and
higher rates of pesticide application. By 1975, 75 percent of the major
insect pests of California agriculture had developed resistance to at least
one pesficide.103 Target pest resurgence refers to the increase in popula-
tion of a pest species to a density which is greater after spraying than it

was before spraying with a pesticide to control it. This occurs when the
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pesticide used kiljs the pest's natural enemies more efficiently than it
destroys the pest. After this, the few pest organisms which escaped destruc-
tion are able to multiply unhindered and reach a greater density in the
absence of their natural enemies.

Secondary pest outbreaks occur when spraying to control a primary pest
decimates the natural enemies of another potential pest. With its popula-
tion thus released from effective biological control, the secondary pest
can muTtiply to a point requiring a control action.

Pesticide contamination of various portioné of the environment does
occur. The present study is an attempt to assess one aspect of this con-
tamination--its effect on the concentration of reactive hydrocarbons in the
atmosphere. Some persistant pesticides like DDT were found almost everywhere
in the environment; because of this, DDT has been banned for most uses in
the United States since 1972. The use of a few other persistant pesticides
has been severly restricted, but environmental contamination problems still
exist. There are frequent news reports of illnesses from pesticides among
agricultural workers; these usually are a result ofvmisuse. There were
1452 cases of illnesses due to pesticide exposure reported to the California
Department of Food and Agriculture in 1976.104

The IPM concept has been proposed as a way of controlling pests which
avoids those problems associated with the use of pesticides. However, an
important component of the IPM concept is the principle of diversity. It
is thought that unilateral use of any method to the exclusion of others may

105, 106 Environmentally

lead to unforseen and undesirable side effects.
compatible methods which are acceptable for IPM programs have been.discussed

earlier; they include: (1) biological control using parasites and predators,
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(2) genetic control using resisfant varieties and the release of sterile
insects, (3) cultural control, and (4) hormonal control.

An additional category that should be added to the 1ist of acceptable
methods is the appropriate and selective use of pesticides. A key aspect
of the practical application of‘IPM is that pesticides should not be applied
by rote, i.e., according to a predetermined time schedule which is to be
followed regardless of the status of the pest or other factors. Under IPM
there must be a monitoring process (sometimes called "scouting”") to deter-
mine the status of any potential pest. When the number of healthy indi-
viduals reaches a point where it may exceed the economic threshold, then
and only then 1sla control action such as pesticide treatment orderéd.

The procédure,described seems simple enough, but a great deal of
knowledge and experience is required to make the right decisions. First the
monitoring of any individual species on a crop, for example, must be done
according to a procedure established by expe}imentation carried out, gen-

" erally, in the same local area. The decision of whether a control action

is necessary may also depend on the time of year as well as growth stage of
the crop, the number and life “stage of the pest's ﬁatura1 enemies, the
presence and status of other potential pests and their enemies, the weather,
and other factors.14

| An IPM program developed for cotton in the San Joaguin Valley of
California is an example which shows the importance of timing énd the
presence of more than one pest to effective control. The lygus bug is a key
pest of cotton in this area. When insecticide spray treatments were made
periodically throughout the season to control the lygus bug, other insects

such as the beet armyworm, the cabbage looper, and especially, the cotton
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bollworm became serious problems which required additional pesticide treat-
ments. Research showed that the Tygus bug could only cause serious damage
to the cotton crop during the budding season, usually about June 1st to
mid-July. Insecticide treatments for lygus bugs were unnecessary and were
avoided after that time. The cotton bollworm and other pests became less
of a problem. The later spray treatments for lygus had been killing the
bollworms natural enemies which had often led to seriéus outbreaks of tHese
pests.39

Integrated Pest Management is now used in only a small percentage
of the attempts at pest control. Its use is increasing, and espécia]iy in
California, it is being applied to more and more agricultural crops.lo7 A
clearer idea of its benefits is emerging from this increased use. Usually,
the cost of applied insecticide has been reduced by 50 percent or more. For
example, pear growers who used IPM in the Sacramento River district saved
an average of $49.37 per acre on pesticide applications when compared with
non-1PM users' expenses.108. A study in the San Joaquin Valiley showed that
cotton growers who use pest management consultants obtained yields averaging
$22.00 more per acre and spenf 58 percent less for pesticides during 1970
and 1971 than growers not using such consu]tan_ts.lo9 In a continuation of
this study, however, the net profit of cotton and citrus growers was not
found to be significantly different over the period 1970 to 1974, regardless
of whether they used pest management consultants or not.110

DeMichele and Bottre1llll stated that IPM experts have estimated that
a>40 to 50 percent reduction in the host environmentally-polluting insecti-

cides would occur within 5 years after adoption of currently available IPM

systems. A reduction of 70 to 80 percent is predicted within ten years
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aftér the adoption of these programs.

A reduction of this magnitude obviously would have a very significant
impact on reactive hydrocarbon emissions from pesticide use even though no
special effort is being directed toward that goal. However, there is some
indication that, although they may be the largest pesticide source of hydro-
carbon emissions, IPM researchers may not consider petroleum oils to be a

serious problem in environmental po11ution.112’ 113

If air-po]]nting emis-
sjons from pesticide applications are to be reduced, a special effort aimed
specifically at this problem will probably be required. It was noted above
that IPM is being used only by a small fnaction of pest control users.
Although IPM seems to have many advantages over a reliance on strictly chem-
ical methods, IPM is not being implemented rapidly. There are two main.
reasons for thié: (1) there is a lack of proficient IPM specialists who, by
law, are required for the application of IPM methods in most cases, and (2)
there is a reluctance on the part of growers and others to change to IPM
methods.14 The reasons that growers do not want to shift to IPM include:
(1) IPM is more complicated and not as easy to understand as conventional
pesticide app]ication methods, (2) the decision on when to apply control
actions mus@ generally be left to a pest control specialist, (3) a fear
that crops may be lost if they do not apply chemicals in the usual way, and
(4) a lack of understanding of the probable benefits to.themselves and the
environment which may accrue from use of IPM;14’ 114
The use of IPM will undoubtedly increase; this is evidenced by the
amount of support and publicity it is currently receiving. Federal support

may be among the most influential forces to bring this about. A five year

research effort, sometimes called the Huffaker pnoject, was started in 1972
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with funds from thé National Science Foundation, EPA,'and USDA. The goal

of this project was to develop improved methods for pest control in alfalfa,
citrus fruits, cotton, pome and stone fruits, and soybeans.115 EPA is
continuing, as is USDA, to plan and to conduct research and pilot projects
in this area and to help coordinate efforts among other governmental
agencies and private organizations which are working to develop pest man-

agement systems.116

8.6 Conclusions and Recommendations

The appropriate use of alternative pest control methods can very sig-
nificantly reduce the need for application of chemical pesticides without
appreciable reduction of agricultural output. In some cases cosmetic
quality could be reduced.

Some of the alternative measures are being used and have been used in
most agricultural practices despite displacements by pesticides. Losses to
pests have been reduced by applications in each of the major areas of pes-
ticide alternative methods--biological control, genetical control, physical
control, and hormonal control. The use of biological control and resistant
plant varieties alone are estimated to be responsible for the -prevention of
losses to pests of several hundred million dollars anually in the United
States. The decreasé in the need for pesticide application and the resul-
tant hydrocarbon emission would be considerable.

California has been a leader in development and impiementation of some
forms of pest control such as biological control of pests through the impor-
tation of natural enemies. A list of thirteen important California pests

which have been completely or substantially controlled by importéd enemies
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“was shown in Table 8~1.. A bacteria] insecticide is widely used on séme
crops and an insect hormone, Gossyplure, is receiving intensive testing
against the pink bollworm of cotton. Many disease-resistant plant
varieties are being developed especially in universities. To whatever
degree alternatives to chemical pesticideé of this kind can be implemented,
they offer the greatest opportunity for reduction of hydrocarbon applica-
tion and emission since very little or no hydrocarbon chemical is involved.

There should be a continuation of the development and improvement of
these alternative control methods which are for the most part made through
research at colleges and universities and the U. S. Department of Agriculture
which are the organizations primér11y involved in such development programs.

Integrated Pest Management (IPM) is a methodehich incornorates all pest
control methods but emphasizes the concept that natural biological controls
should be interfered with as little as possible, and therefore, that pes-
ticides shdu]d be applied only as experiéﬁce shows they are beneficial.

The use of IPM can usually reduce_ﬁesticide applications by 50 percent
or more in those crops where methods are developed, IPM is largely
unexploited both with regard to development of methods for many crops
and implementation of methods already developed.

IPM shou]d, in general, be encouraged with a view to reduce reactive
hydrocarbon emissions. Lowered emissions would result from most, but not
every, IPM development. In some cases there may be a larger use of petro-
Teum 0ils, unless the goal of reduced emissions is incorporated into the

development programs.
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CALIFORNIA AIR RESOURCES BOARD (CARB) REACTIVITY

CLASSIFICATION OF CRGANIC COMPOUNDS

Class [
(Low Reactivity)

Class 11
(Moderate Reactivity)

Class III
{High Reactivity)

Cl-C2 Paraffins

Acetylene
Benzene
Benzaldehyde
Acetone
Methanol
Tert-alkyl Alcohols
Pnenyl Acetate
lethyl Benzoate
Ethyl Amines
Dimethyl Formamide
Pernalogenated
Hydrocarbons
Partially Halogenated
Paraffins
Phthalic Annydride®
Phthalic Acidsb
Acetonitriled
Acetic Acid
Aromatic Amines
Hydroxyl Amines
Napnthalened
Chlorobenzenes?
Nitrobenzenes®
Phenold

Mono-Tert-Alkyl-Benzenes

Cyclic Ketones

Alkyl Acetates
2-Nitropropane

C3+ Paraffins
Cycloparaffins

N-alkyl Ketones
N-methyl Pyrrolidane
d,N-dimethyl Acetamide
Alkyl Phenols®
Methyl Phthalates™

A1l Gther Aromatic Hydro-
carbons
A1l 0lefinic Hydrocarbaons
(including partially
ha]ogenated?
Aliphatic Aldehydes
Branch Alkyl Ketones
Cellasolve Acetate
Unsaturated Ketones
Primary & Secondary Cy+
Alcohols
Diacetone Alconol
Ethers
Cellosolves
Glycolsd b
C,+ Alkyl Phthalates
Other Esters® b
Alconol Amines
C3+ Organic Acids + di acid
C3+ di_acid anhydridesb
Formin
(Hexa methy%ene-tetramine)
Terpenic Hydrocarbons

b

Olefin Gxides

aReactivity data are either non-existent or inconclusive, but conclusive data
from similar compounds are available; therefore, rating is uncertain but

reasonable.

bReactivity data are uncertain.
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STATE OF CALIFORNIA EDMUND G. BROWN JR., Governor

AIR RESOURCES BOARD
1102 @ STREET

P.0. BOX 2815

SACRAMENTO, CA 95812

December 13, 1977

RE: Source Questionnaire
Dear Sir:

The California Air Resources Board has contracted with Fureka Laboratories, Inc.
of Sacramento, California to conduct a study concerning emissions of volatile
organic chemicals from the active ingredients, diluents, and carriers associated
with the application of pesticides in Fresno County. This survey is designed %o
determine the quantities of photochemically reactive hydrocarbons emitted into
the ambient air as a result of such applications in Fresno County for the 1976
calendar year for both agricultural and non-agricultural purposes. From the
information you and cther respondents provide, the approximate emissions can be
determined.

We would appreciate your cooperation in completing this questionnaire and re-
turning the completed questionnaire 1in the enclosed, pre-addressed envelope as
soon as possible to: Eureka Laboratories, 407 N. 16th Street, Sacramento, CA
95814, {916) 443-3932. Your cooperation in providing the reguested information
will contribute materially to the Air Resources Board's accurate assessment of
the hydrocarbon emissions from pesticide use.

If you have any questions regarding the nature and purposes of this survey, please
contact Mr. Rebert Reynolds, ARB Project Officer, at (916} 322-769C.

If you have any questions regarding the questionnaire and its completion, please
direct them to Fureka Laboratories, Inc.

Thank you for your assistance.
Sincerely yours,

£ 2lwia,

John R. Holmes, Ph.D.
Chief, Research Division
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COUNTY OF FRESNO

DEPARTMENT OF AGRICULTURE
( masE. Corn
\gricuiturai Commissioner

S’ .
Ronald Atmajian
Assistant Agricultural Commissioner

DATE: December 6, 1977 | | _
TO: FRESHO COUNTY GRCUIRS &i0 PESTICIDE DEALERS ADDRESSED
FROM : Robert V. Emparar

Deputy Agriculturz! Commissioner

 SUBJECT: A Study to Determine Air Polluticn Emissions Associated with
Pesticide Applications in Fresno County.

This memorandum will serve to jntroduce Steve Leung, President of Eureka
Laboratories, Inc. Eureka Laboratories was awarded the contract to conduct
this study by the State of California Air Resources Board.

The proposed study will be primarily concerned with the inventory of reactive
hydrocarbon emissions and reiatad compounds resulting from pesticice appli-
cations in Fresno County for the 1976 calendar year.

[ We will appreciate your cooperation with Eureka Laboratories in developing
this information. It is an important project that we consider to be
necessary to thoroughly understand all aspects of air pollution in Fresno
County. '

If you have any comments or questions about this project piease contact us
at 209-453-596Q; or the Eureka Laboratories, Inc., 401 dNorth 16th Street,
Sacramento, CA 95314 -- phone: 916-443-3932.

Thank you for your kind consideration in this matter.

Thomas E. Corn
Agricultural Commissicner
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197€ PESTICIDE APPLICATION SURVEY FQR DISTRIBUTORS

A, Name of Dealership

Address

B. Person to contact about questionnaire

Title ' Telephone

€. Inventcry of pesticides sold for use in Fresro County in 1976 (including weed 0il, petroleum distillate, and any

other organic diluents sold to farmers, commercial applicators, home owners, and government agencies}.*

. . ’ Usage Usage
Registration No, Amount Seld {Agricuitural, Registration Mo, Amount Scld (Agricuitural,
{or Brand Hame) fn 1976 Structural, Home, {  (or grand Hame) in 1576 Structural, Hone,

Garden, etc.) Garden, etc.)

*Existing documents providing equivaient information to the questionnaire are also acceptable.
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1976 PESTICIDE APPLICATICN SURVEY FOR FARM OWNERS/MANAGERS

A, Llocatfon of pesticide application(s)..
Township i S. _ . Range E.

8. Time of day pesticides most commonly applied {check one).
( ) 0000-0600 () 0600-0900 () 6%00-1200
( ) 1200-1500 () 1500-18%0 { ) 1800-2400 .

C. Pesticide applied by (check one)
{ ) you or your employees { ) professional applicatot () both,

0. Method of apﬁlicatﬂon most commonly used.
( ) air, ( ) ground, ( ) ather, specify

g. Pesticide Supplier(s)

F. 1976 Pesticide Application Recards

Date Pasticide Name Pound Per Total Acreage Commodi ty Grower Applicator or

(Registration No.) Acre Treated Treated Commercial Applicater

"
Existing documents providing equivalent {information to the questionnaire are also acceptable,
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El

FURE MBORATORIES, INC.

Toxicology, Energy, Environmental and Chemical Research

40! NORTH 16TH STREET SACRAMENTO. CA. 95814
TEL.(916) 443-3932

April 24, 1978

Dear Sir:

This is a follow-up questicnnaire survey to our earlier one dated
December 13, 1977 (see attachments). We want to thank many of you for
providing us with information on 1976 pesticide sales in Fresno County.
In this follow-up survey, we are requesting information specifically
on sales of petroleum oils and coal-tar oil.

We would appreciate your cogperation in completing the question-
naire and returning it in the enclosed pre-addressed envelope to us
as soon as possible, Your cooperation in furnishing the requested in-
formation will provide an accurate technical basis to the Air Rescurces
Board in formulating strategies for hydrocarbon emission inventory.

Thank you for your cooperation and assistance.
Sincerely,
EUREKA LABORATORIES, INC.

By ST
Steve K. Leung, D. Envy
President

agr
Attachments

cc Dr. John Holmes, ARB
Mr, Robert Emparan, Fresno County Agriculture Commissioner
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1976 PETROLEUM QILS AND COAL-TAR QIL APPLICATION SURVEY

Name of dealership _

Address

Person to contact zzout guzstionnaire

Title o Telephone

Were petroleum oils 2 cza’-tar oil sold by ycur company for agri-
cultural usage in 13787 Yas No_
If no, please return iz guestionnaire using the enclosed envelope.
If yes, please complate the guestionnaire and return.

Inventory of petroiesum oils and coal-tar oils seld for agricultural -
usage in Fresno County in 1976 (including summer or spraying oils,
winter or dormant oiis. wead oils, petroleum or coal-tar solvents,
supreme oils, paraffinic or aromatic hydrocarbons, coal-tar fractions:

light, carbolic oil, cregscte, and anthracene oil; and peat 0ils):

N

Name of Product “ Amount Sold Major Supplier

(or Registration Mo.) | in 1976 {(sallens) - of the Product

E.

Approximately, % of these c¢il products was sold directly to
users {(instead of other distributors) in
7376.

% of these oil products seld in 1976 was used
in Fresno County (instead of other counties).
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APPENDIX C

Je
PESTICIDE GROUP LIST

=3
[H]

Restricted Chemicals
NR
NR=R

Noprestricted Chemicals

Nonrestricted Chemicals Used as
Minor Active Ingredients in
Restricted Products

*Pesticide chemicals are identified as R, NR,
or NR-R based on a 1577 1ist of restricted
chemicals provided by the California
Department of Food and Agriculture. .
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I.l Insecticides
I-A Halogenated Hydrocarbons
Chlordane (R)
Chlorbenzilate (NR)

Dieldrin (R

R)
NR)

)
Endosulfan (R)
Heptachlor {
Kelthane-R (

Methoxychlor (NR)
Tetradifon (NR)
Toxaphene (R)

I-B Organophosphates
Acephate (NR)
Azodrin-R (R)
Bidrin-R (R)
Carbophenothion (R)
Dementon {R)
Dialifor (R)
Diazinon (NR)
Dimethoate (NR)
Dioxathion (NR)
Di-Syston-R (R)
Dursban-R (NR)
Dylox-R (NR)
Ethion {(R)
Fenthion (NR)
Guthion=-R (R)

206



[0

I-E

Imidan=R (NR)

Mzlathien (NR)

Methy? Parathion (R)
Hzniter=R O (R)
tnatad (NR=R}

-
-

Parathion (R}

Phorate (R)

Phocalone (NR)

Phosdrin-R (R)

Supracide-R (R)

TEPP (R)

Carbamates

Aldicarb (R)

Baygon-R (NR)

carbaryl (R)

Carbofuran (R)

Formetanate Hydrochloride (NR)
Methemyl (R)

Morastan-R {NR)

Formamides

Fundal-R (NR)

ither
8 (NR)

Omite (NR)

n

(o]

E

(o ¥

s

plictran (NR)
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II.

I1i1.

Fungicides

II-A

I1-D

Carbamates

Benomyl (NR)

Maneb {NR)

Nabam (NR)
Topsin-M-R (NR)
Zineb (NR)

Ziram {NR)
Substituted Aromatics
Botran-R {NR-R)
Carboxin (NR)
Chlorothalonil (NR)
Dowcide-A-R (NR)
Dyrene-R (NR)

PCNB (NR-R)
Tetrazale~R»(NR;R)
Thiabendazele-R (NR)
Dicarboximides
Captan (NR)
Difolatan-R (NR)
Cthers

Sec-Butylamine (NR)

Herbicides

I1I-A Organoarsenates

DSMA (NR)
msMA (NR)
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III-B Chlorophenoxy Acids
2,4-D (R)
2,%=2 Amine SaTt {R)
Z.4=-D Butyl Ester (R)
4{2,4-DB) Butoxyethanol Ester (R)
$.2,31-DB) Isooctyl Ester (R)
MCPA Dimethy]aﬁine Salt (R)
MEPA Isooctyl Ester (R)

I1I-C Substituted Amides

Alachlor (NR)
Diphenamid (NR)
Kerb=-R (NR)
2-{Alpha-Naphthoxy)-N,N-diethyl propionamidé (NR)
Propanil (R)
Ramrod-R (NR}

[{I-D Nitroanilines
Batan-R (NR)
Cobex-R (NR)
Trifiuralin (NR)

I1l-8 Ureas
Diuron (NR)
Linuron (NR)

Manuron (NR)

=4
~d

=4

i-F Mitro Heterocyclics
Amitrole (NR)
Atrazine (NR)
Bromacil (NR)
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Prometone-R {NR) o
Pyrazon (NR) | |
Simaziné\(NR)
11I-G Substituted Aliphatic Acids
Dalapon (NR)
Sodium TCA (NR)
Glyphosate, Isopropylamine Salt (NR)
III-H Arylaliphatic Acids
Fepac (NR)
2,3,6-TBA Dimethylamine Salt: (NR)
Dacthal-R (NR)
III-1 Phenols
DNBP  (NR)
111-3 Bipyridy?s
Diguat Dibromide (NR)
Paraquat Dichloride (R)
I[11-K Carbamates
Avadex BW-R (NR)
Barban (NR)
CDEC (NR)
CIPC (NR)
Eptam-R (NR)
IPC (NR)
Ordram-R (NR)
Tillam-R (NR)
Phenmedipham (NR)
Ro-Neet-R (NR)

210



II1I-L Substituted Nitriles
Bromoxynil Octanoate (NR)
DichTcbenil (NR)

[11-0 Ot

[4F]

s
1-73-Tart-Butyl-1,3,5-Triacliaz) (NR)
Cxizium Cyanamide (NR)
Erndothall {NR)
Jryzalin (NR)
Planavin-R (NR)
srofiuralin (NR)
Tok-25-R (NR)
Unkniown #1929 (NR)
IV. Nematocides
Chloropicrin (R)
D8CP (R)
D~-D Mixture (NR)
Ethylene Dibromide (NR)
Methyl Bromide (R)
Telone-R (NR)
V. Plant Growth Regulators
‘Ethephon (NR)
Gibberellins (NR)
Maieic Hydrazide, Diethanolamine Salt (NR)
VI. Adjuvants
Aleyl and Alkylarypoly/oxyethyl Ether (NR)
Carbolic Acid (NR)
2-Chloro-4-Phenylphenol (NR)
Diethylamine Salt of Coconut (R)
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Ethoxylated Linear Alcohol (NR)
Nonyliphenol polyoxyethylene (NR)
Sodium Xylenesulfonate (NR)
Triethanolamine (R)
Vinyl Polymer (NR)
‘VII. Defoliants
Cacedylic Acid (NR)
Sodium Cacodylate (NR)
VIII. Inorganics |

Ammate (NR)
Biue Vitriol (NR)
Borax {NR-R)

~ Calcium Chloride (NR)
£ocs {NR)
Copper (NR)
Copper Hydroxide (NR)
Copper Oxide (NR)
Copper Oxychloride Sulfate (NR)
Copper Salts (NR)
Copper Sulfate (NR)
Copper-Zinc Sulfate Complex (NR)
Cryolite {(NR)
Diammonium Phosphate (NR)
Disodium Octaborate Tetrahydra (NR)
iead Arsenate (R)
Lignin Sulfonic Acid (NR)
Lye (NR}) |
Magnesium Sulfate (NR)

| Phosphorous (NR)
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Phostexin-R (R)
Sec-Butylammenium Phosphate (NR)
Sedium Arsenite (R)
Sodium Chlorate (NR)
S3d7um Metaborate (NR)
suTfer (NR-R)
Iuifuric Acid (NR}
vikane-R (NR)
Zine Phos§h1de (R)
Zinc Sulfate (NR)
IX. Naﬁsyntha*it.Petro1eum Products
Aromatic Petroleum Solvents (NR-R)
Mineral 0ils (NR)
Petroleum Distillates (NR-R)
Patroleum Hydrocarbons (NR-R)
Petroleum 0ils, Unclassified (NR)
Xylene (NR=R)
Lylene Range Aromatic Selvents (NR-R)
X. Inert Organic Ingredients (Fermulation Code 04)
Aromatic Petroleum Distiliate (NR)
Benzene (NR) |
Butyl Mercaptan (NR)
Butyrolactone (NR)
Cy@@@hexan@né {MR}
Disuty] Disulfide (NR)
Emulsifiers (NR)
Epichlorohydrin (NR)
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Hexane (NR) o —
Isofuron (NR)

Isopropanol (NR)

Kercsene (NR)

Methyl Isobutyl Ketqne (NR)

Methyl Oleate (NR)

Technical Inerts (NR)

Xylene {NR-R)

XI. Inert Organic Ingredients (Formulation Code 09)
Butyrolactone (NR)
Cyclohexanol (NR)

Diesal 0i1 (NR)
Diethylene Triamine (NR)
Dupanal (NR)

Emulsifier (NR)

Ethylene Glycol (NR)
Isopropancl (NR)

Methyl Cellecsolve (NR)
Methyl Isobutyl Ketone (NR)
Paraffin (NR)

Propylene Glycol (NR)
Technical Inerts (NR).
Toluene {NR)

Xylene (NR-R)
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MONTHLY DISTRIBUTION GF
PESTICIDE APPLICATION
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=ABLE 3-1. 1376 VONTHLY DISTRIUTION OF SYNTHETIC ORGANIC 3SSTICISE 2RQCUCTS FOR ACREAGE APPLICATION IN FRESNO
COUNTY. THE LPPER YUMBER IS LSS.: THE LOWER NUMBER N () I3 ACREAGE.
CHEMICALS SAN g3 AR AFR uAY JUN UL AUG 5E? acT NOV 0EC ¢2¥§"L
INSECTICINES
(@icrdare) 3 718 572 718 2701 73943
m— {272} 13827) (19737} (272} (135G) (25238)
Chlorbenzilate 113 113 250 786
. (113) (i18) (330) (786}
Jisidrin 188 167 3 16 36 342 754
(1g00)  (728) (43) (39) (98) (76} (2032)
({Endosuian) 2 ae e 98t L6 138 01 025 2258 1 58609
{(z) (287) (366) (3911) (15134) {2585) (7507) (3596) (2849) (2) (61519)
([kelthane-R) 10418 13963 42538 33616 6701 704 33 0 112073
71383) (3942} (36506) /24736) (5291} .(€_3) - (13) (7 (7s081) |-
Mathaxyehlor §724  239¢ 1173 77 153 758 171 : " 11451
r3000) (2362) (1393} (51)  (198) {997}  (152) {13633)
TenradiTon 110 1303 14 1927
£330) (s11%) (110 (5438)
Taxagnens) 1582 227 1734 45249 75061 36106 18787 1186 32 371 209645|
. 1222} 137} 352) (11081} [21328) (18413) {3257}  {<gd) ;3)  {382) (37722)
Acegnats &3 129 3498 122 5820
(88)  (1%3) [7349)  (308) (8703)
Azadrin=’ 107 14668 27§33 3041 21 $ 45492
1170} (13088) (26770) (1224; {10} (49238)
3idrin-3 178 128 101z 1381 2240 1270 29 5409
237y (170) (3052) (3247) (3831 (l4sl) 129) {14337)
Cartapnenotnion ! 133 sis 517 203 23 2213
ey (208) (73S} (912) (il3E) (28 (3185)
Jemeton 11 12 18 51 286 75 308 1370
{30} (79) (81} {88) (388) (243} (219) (2137)
Jaiier 286 12635 3584 1136 17 : 23739
(298) (11285) (362G) (1041 (a1} (21415)
({niazinam) 1134 4151 e85 11292 14622 1S3z is4s 3495 3923 12 738 2721 38988
[1338) (2623} (132€9) [17308) (13792} (77m)  (iels) {13225) (2219) fa)  {483) (1481) (7861%)
:1§§§§aa:a 132 357 28066 #4355 45735 11531 2895 i34 7 39 158104
{31} {z42) {20923} (36286) [32852) (23637) {£453) (1344) 37y (177)(122084)
Jigxathien 1333 W75 718
(1208)  (i78) (1385)
Ti-SysTan-i 15869 1218 1l oL 1731 228 20395
(13110) (1798} (7Y {393) (1838) (254 {17460)
Jurscan-3 1688 5147 1691 528 3452
(2175) (12253) {3381; (526) (18337)
Sviex-R 1455 1344 3032 1046 7877
{1438} (1329) (3989 {1277) (8024)
Ethien i7e5 2673 5341 3772 756 18497
(1470) (3190) {8282} (3543)  (536) (15083)
Junian-R 23 7388 733 2915 1l 70 12237
(62) {4808) (882} (3483) (i287) (72) (10362}
Tmidan-R 385 185 5280  27e7 1156 1293 1227 load. 575 15857
(i71) (1z79) {8321) (2622)  (857) (842} (3028) (1020) (260) (15068}
Malathicn 37 243 191 5383 8515 2980 2032 25364 36231
(7 (370)  (106) (1345) (3143) (io2l)  (209) (3618) (1:026)
vatasysix 27 149 170 75 2887 2983 2872 52 303 9528
(s1) (299} (346) (938) (6291) (s386) (3892) (106}  {829) (20929)
Methyl Parathion 91 v 1984 %067 1375 2975 3583 l2l23 235 141 : 198 35048
(91) (2) 72384y (28333) (4861) (3291} (3310) {1€344) (13445) (1428) (113} (406) (34269)
“anitar-3 14 5252 25815 198 217 a1 31537
. (28) (3248) (39230) (278)  (28%) {91} {28736)
(aiz) 226 274 1427 26313 3ssa@ 392 143 18 | sats7
(155) (777) (1200) (2%0%2) (2s82) (3205) (334)  i34) {58520)
'755%55?&59 3863 11126 9510 31se  7aQ7  s3s¢ 3357 7286 12008 2i7¢ 133 1433 75334
~ttij; - 12387) (6717) (&911) (222643 (8877) (4281) (2274) (113d2) {18217) {3433} (811} (983) 33179)
Tmerate 2921 1Tl 10871 33338 Loca7 Ted 1g3s 3036 1871 168 a1 399 538548
(29%0) (2007; (1877) (36323) (10513)  (d8)  {79a) (2048) {lge2)  [183) {31} {388) {72397)
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TABLE D-1. CONTINUED
: ANNUAL
CHEMICALS JAN FES MAR APR MAY JUN JUL AUR SEP 0CT NQV OEC  TATAL
INSECTICIDES
Continued}
Phosalone 679 108 1365 43 2195
(424) (56)  (475) 114) (969)
Phasdrin-R 182 529 - 1873 138 1975 368 2585 1585 3633 3944 1516 227 26313
(182} (1587) {z51¢h (g231) (8031) (698) (4730) (3872) (8160) (13804} (2191)  (272) (31337)
Supracide=R 28 141 ‘ 93 2839 4355 7323 5924 2044 202 26466
(16) (79) 13y (173} (8837) (4133) (11737) (9268) (810) (83) (33211)
TEPP ‘ 5310 6L 20077 5738 29436
(380) (2308) (12213) (28%9) (17598)
Aldicard 1.58 1622 1471 17175 1947 14 23387
28737 {2513} (a13) {8775} (1112) (s) (15793)
‘1 carbaryl) 1304 853 4035 6444 15787 20956 3523 100 250 39 58271
(323) (330) (2108) (3128) {(a298) {11983) f3307) (183) (93) (11) {(30621)
Carbofuran 136 5253 BEY 550 23 3211
(272) 713806 (3133) (2562) 91) {19864)
Formetanate 571 1540 10110 13739 2238 2 28197
Hydrachloride f534) {2170) (15830) (22331 (3473) (1%) (44202)
¢ Methomy) 1733 1341 1629 5332 26648 26500 12332 5787 4853 21 36336
S 11568) 12038) (3196) (1118%) (497531) (5192%) (2109 (11339) (298) {9)(154418)
Morestan=R 28 540 568
(33)  (705) : (735)
Fundal-RY 1239 1010 13849 41651 1786 38635
(557) (830} (1s632) (45882) (1026) (54007}
378 11 0 4 22 78 338 75 251 18 496
(323} fa7) (320) (1810) - (3649) (2581) ({3284) {16640)  (950) 132194)
’EETEE} 108 26 7551 39903 202572 90Q1C8 322 2015 343216
e (86) {(12) (3965) (25112)(107142) (53189) (729) ({1593) 1191828)
Plictran=R ~% 165 556 2520 709 i71 4225
(67 (283) (817) (2897) (897) (227) (5207)
SUBTQTAL: 14712 25971 117767 107059 160143 321930 374797 409366 38906 51378 3138 9498 1339635
(8551) (18465) (93393)(152147)(152570)(236661)(441263)(390274)(121564) '607132) (4595) 16377}1687492)
HERBICIDES
nSMA 168 4289 3024 279 333 10661
(73) (2692) (s508) (123) [l46) (3542)
MSMA 63 167 349 369 195 1143
(44)  (175) (248)  (145) (249) (863)
4(2,3-08) Butoxy- 10 206 216
athanol Ester 139) (146) {176)
2.,4-0 8146 2124 314 303 1306 333 267 12149
(6775) (2302) (130)  (335) (738) (277}  (295) (10853)
(1 2,4-0 Amine 3alt 163 0705 80708 109 227 1032 1624 94565
IS 1182) (35849} (71998)  (227) {250) (865) (1740)(illl07)
2,40 Butyl 3149 3149
Ester [2242) (2242)
4(2,4-08) Dimethyi- 42 286 308
amine Salt (37) (EQO) (337)
4(2,4-08) lso- 506 322 983 6 217 249 2619
octyl Ester (441) (449) (873) (45) (150) (216) (217})
MCPA Dimethyl- 2506 1530 6156
amine Salt (4770). (8517) (13287)
Alachlar 1409 1409
(413} (413)
Diphenamid 6367 1783 234 3444
(2193)  (457) {93) (2743)
Kerb-] 67 187 1225 478 2568
(852) (149) (879) (605} (2486)
2(=<Naphthoxy)- 7345 2353 235 12 380 264 360 11969
N M-diathyl (5250) ({2068) (340) 128) (439) (107) (507) (8747)
aropionamide ' :
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TABLE D-1. CONTINUED
' ANNUAL]
CHEMICALS JAN ] AR PR Ay JUN SUL R 52D orT NOv DEC _ =nTal
HERBTCIDES
{Cantinued) .
Braoganil 3808 27561 6158 37527]
(1207} (7334) (1288) (9829)
Ramrod-R 1710 171
{438) (438)
3alan-R : 1432 812 492 22 781 700 1543 1692 878 3062
{1255) {3#4)  (3%2) (39) : : (1020) (465) (1548) {1448) (638) (77Q8)|:
Cobex=R 145 22 . 164
(352) (81} ) {413)
Tritluraiin 3572 2174 1o0S2  S152 4i3z 1598 528 E4 19 2931 4248 3703 39149
(5737) (3879) (16393) (sess) (6136) (27%4)  (732) (g2) (36) (23%2) (3838) ({547Q) (85712)
Diuren 14065 261 145 g9 10 9742 164 3 476 2158 20991 45770
(agsg) (1270)  (184) (58) (7Y (337 (228 (7Y (339) (1548) (11303) (24008)
Linuren EX 143 227
(31) 71 (154;
3remacii 3 42 16 357 1297 5 171l
1) {36) (22) r227y  (514) (23)  [(823)
Fyrazgne 7282 a5 310 333 564 3634
’740) (23)  (2C8) (219) (439} {1632)
Simazine 27131 553 1871 142 12 2732 2695 3852 23351
13112) (7459) (2367)  (127) : (7} {1344) (1427) (3735) {22238)
Talagcen 225 249 27 32 334
(237) (a89) (3n (38) (831}
majapen, Sadium 158 358 243 4532 2381 159 191 2863
salz (213) {178) - (:48) (383) (75} (37) (88) (1725)
Sadium TCA 1772 2817 125 1715
(248) {332) (28) (586)
3lypagsata.isa- 20 175 178 322
sregylamine 3alt 7 (13} (37} (87)
Nacznal-d 10277 533 1118 3392 4578 1849 7724 2144 2877 3632¢
(1131) (s1)  (igl)  (8&d) (348 (735) (257) (312) (4093)
(@ 5320 2386 2836 1498 2709 301 zg9 [ si253 53832y 412 313, 5484 143131
’ (2398) (1957} (2713) (10cQ)  (830) (467}  (843) 21281) (28106 (335) [1ag) (2731) (62590}
Jiquat 3fbro- oo gET 174 1770
aide _ (230) (2949) (3199)
Saracuat 1% 1734 li248 9772 23 Tes 575 5387 3351 1324 23283 1325 771 92263
chlorice ‘7282) (45350) (328€3) (7902) (isea)  (34Q) (2280) (25E3) (3985) (226633) (19288) (12370)({366869)
Ivadex 3W-3 01 ' 201
(161) {161}
3araan 228 1253 ki) 249 2077
(908) (4388} (1:85) (755) {7736}
£RES 250 280
: 1148) (146)
el ' a7 38 560 1590
S {188} . (30)  (219) {41%)
fztamaR $23 820 2732 196 1096 208 8675
{254) (23%) (335) (38} (493) . (227} (2112)
12¢ 1319 1820 198 198 204 3829
(294)  (405) 143) (28) (74) (004}
Tillam-R 3283 5288
: (1685) (1858)
Ordram=-1 : 1835 475 542 2983
(617)  (195)  (180) . _ -{992)
Ro-Yaet-R 3522 128 3643
{312y  (s6) (868)
Phanmedichan 26 2203 520 32 32 25 2109
‘ (§7y (zaoe) (531) {i10) (38) (43) (2832)
Sromaxynil <3 1378 3741 512 15 33 3048
Octancats (70) (3078) (s638) (531) (22} (73) (9450)
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TABLE D-1. CONTINUED
ANNUAL
CHEMICALS JAN FEB MAR APR MAY SN Jub AUG seP acT NOV DEC_ TOTAL
HERBICIDES
{Continued)
Endathall 100 220 612 38 2433 3766 7968 457 15943
{219} (364) {382} (228) (1619) (14484) (37442) (1916) (56654)
Planavin=R 414 118 332
(4:4) [118) (532)
N-Sac-Butyleds 219 219
Tert-dutyl«2,5-0 (110) (119}
Oryzalin 99 - 57 34 200
(43) (22) {27y (92)
Prafiyralin 158 130 £ 518 907
(219) i388) (38) , {633) (1355)
Tok=25-R 320 792 1712
(230) {131) (361)
Caletum Cyana~ 712 293 4877 504 £086
mide (249) [102) {15871} (176) (2198)
Unknown 41929 35 2117 355 2857
(110) (3174) (498} (3782)
SUBTQTAL: - 62008 77%87 112547 25982 14387 45277 14988 64538  TRYIG 72408 25321 47350 573030
(41436){118691)(155358) {23400) (19508) (13443) (3301) (288%4) (55375)(273742) (35772) {42254} (314379)
FUNGICIDES
Maned 27 1733 40053 1785 1107 1269 7392 380 2851 3164 384 57887
T (32) (969) (2344) (1039) (548) (902} (31348) (533) {3511) (7038) (208) {20308)
Nabam 434 404
(217 : (n
Zineb 39 16 €05 189 a8 317
(7} (13) (273) (225) (1i8) (636)
Ziram 1643 1643
(334) (332)
Tapsin-M-R 314 172 485
(225) (125) (390)
Senomy 7426 728 35 1248 323 351 1302 209 387 13660
(10923) (1022) (208) (2227} (443) (369) (5282} (639) (181) (21504)
dotran-R . 859 $221 524 5637 1410 12 13813
(214) (2708) (330) {4142) (334) (22) (8250)
Chlarathalonil 67 156 27018 39524 244982 1374 330 114051
_— (43) (505) (14000) (19333) (21324) (748) (219) (56378)
Dyrene-R ) 281 281
(141) (141)
PCMB 434 1122 1130 2686
(815) {2243) (1738) (336
Carboxin 177 31 268
(212) (110} {322)
Q@pqgn ) 17875 1447 301 229 7382 5118 23773 25664 1828 92417
T (4841) (330) {34€) (73) (2853) (1s62) (6779) (11319) (2282} (30285)
Difolatan-R 68 2397 18021 22072 118 40676
(55) (1437} (9274) (11060) (58) (21884)
Terrazole-R 108 283 146 507
(615) * (2116) (904) (3635)
Carbolic Acid 27 193 722 1611 290 3050
(379) (1570) (6i05) (8903) (3074) (20031)
SUBTOTAL: 925 30770 §3382 4180 3097 43839 72632 100829 35907 14221 254 352346
(253) (17259) (5726) (s425) (7680) (28243) (43948) (52599) {17300; (9722) {208) (189368)
NEMATOCIDES
Toropicrin 1132 1475 93 33229 3 23321 5872 363 66072
(n (18) (s72)  (331) (1) (881) (62) (10) (1882)
DBCP ) 301 5139 3368 4297 fol] 532 12940 77162 33736 141328
: (19) (298) (329) (209) (23) (31) (578) (2400) (1459) (5356}
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TABLE D-1.

CONTINUED

CHEMICALS JAN F23 AR APR MAY JUN JuL AUG SEP acT NOV JEC 3'3#%"
NEMATOCIDES '
[Zontinued)
T0=0 Mixture 333 15951 185 3101 90062 110132
7:"/ {2y (150) (1) {10} (464) (627)
Qone-R > 5760 22129 3430 97319
— (64) (127) (3&0)  (351)
Ethviene 3693 3693
Cibromide 2o (20)
He:@ 3222 3365 25861 1182 54741 374 48822 13208 9140 181612
~ (23) (22) (103) (872) (325) (2) (9G0) (98) (28) {2931)
SUSTOTAL: 14530 16252 12514 32829 3s7z 101062 477 71843 90894 38777 109394 102168 4AQQ18Q
(32) (169) £329) (432) (1353) {665) (48) (1781) (493) (760) (2%63) (2119) (.0767)
PLANT ZRQWTH
JESYLATORS
gtnasnen 1464 3% 133 2 1871
(2783) {4323}  (208) (2) {3410)
Maieic Hyarazida 9G6 206
Diathanglamine (227) (227}
Sait
Giabereilins 21 3l 232 7 7 33 17
(1413} (3499) (1077, (137) [128) (a8} {83037
SUBTITAL: 21 31 23 2370 382 153 3 7 58 3054
(1418} (3499) {1377) (2990) 1339) {228) {139) (12%) (ag) (994Q)
ADJUYANTS
Alkylaryl Poly- 389 189
axyethens Ither (244) (244)
2-T1lcroed- k3 138 257 23 454
Phanmylanonal (338) (2%3) {&3s) (330) 12422)
Jiethylamina Sait 30 2 1 i 1 < 3 39 1582 110 1374
af Cacanut (188) (38) (88) (168) (384) (1787) (212) (2212) (24120) (2787} 132006}
Zthoxylated 23 28 204 7 20 250 392
Lirgar Alcanal (i08) (121) {277) (136) {298) -ﬁ388) (1878)
ignytonaengl Poiy- 2 4 4 7 33 18 i1 10 A 148
axyethylena (3} (88) (189} (384) (17a37) (107) (12%9) (1204} {23) 15079)
Sodium-Kyianasul« 22 8] 1 38 71 219 32 33 1533 148 2327
fanate (188) {s8) {28) (400} (85Q) (3498) (800) (2538) (28919) (3198) {285953)
Triethanglzamine 33 48 59 278 56 199 2635 223 3838
(183) (231) (&88) (L1711) (533) (1298} (25713) (317%) {33474)
Yinyl 2eiymer 38 298 13 778 162 i1 347 10882 334 240 13843
{2293) (3874) (110) {2911} (i260) {279) (3494) (31688) (1417) {(1319) (48718)
Unknewn #1912 15 19 34 1c8 27 42 19583 38 1387
{188} (231) (288) (1711)  (&33) (1295} (es7i3) (3173) (33474)
SUBTITEL: v 136 13 z98 3 153 1397 1143 342 1362 18285 308 343 24549
(752) (2573) (3974) {284) (1631) (g240) (12989) (2830) (12750)(136229) (13775) (1319){195248)
DESILIANTS
Cacadylic Acid 1 308 25440 204 26473
. {188) (3619)(130772) {1713) (1912%4)
oz 122303 151538  160¢ 285445
r’\:/_ (62991) {22223) (717) (155931)
Foiax-3 231 38420 101070 1458 191289
I {188) (43975) (33974} (1062) {92199)
Sodium ?3"6517 28 1731 1451556 1194 183206
dyiaze .- (138) (3619)(180773) (1714) 1131294}
SUBTSTAL: 127 216292 137204 4530 553413
i cgd) (124204)(307743) (5207) (637718)
TATAL: 32723 130693 237508 177057 218871 S13S2R 588375 547530 3510243 532282 148870 159422 4201237
51608)(157157)/240230) ( 124086 36041) (72940)({50662711177637)1321304)(283067) (62648) /32115/3545510)
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TABLE D-2. 1976 MONTHLY DISTRIBUTION OF SYNTHETIC ORGANIC PESTICIDE PRODUCTS FOR NONACREAGE APPLICATION [N FRESNO
COUNTY (LBS.)

ANNUAL

CHEMICALS JAN FER HAR APR MAY SUN JuL AUG seP ocT NOV JEC oAl
INSECTICIDES
Chlordane ' 4667 3315 103C 2737 3056 1016 3317 2905 1180 2151 2781 3136 37291
Endosulfan 169 1 170
Heptachlor 216 216 197 129 145 123 100 1126
Dfazinon 279 799 231 224 255 §23 528 229 439 170 155 214 1206
Dursban-R 61 22 173 e a7 130 91 343 161 310 298 120 1930
Fenthion ) 29 76 33 35 3 i : 182
Malathion 254 544 0% 3118 513 355 462 803 353 16776 942 394 27837
Methyl Parathion 23 79 12% 284 511
Naled 29 260 208 27 789
Parathion ’ 117 231 335 1347 1737 2027 5094
Phorats 228 1633 ' 2466
Baygon=R 35 299 T 820 1053 363 293 2901
Carbaryl 78 11 128 224 %0 154 13 170 10 2 1040
Omi ta 14 42 57 29 1 153
Amines, Aliphatic 12 29 42 12 12 443 27 29 17 523
Carbon Tetra= 190 379 569
chlaride ‘
Carbon Disulfide 139 12 ) a5 230
Ethylena Dichlor- 443 887 1330
ide

SUBTOTAL : 5478 55440 iz 300 5308 5346 7083 3383 3338 20835 4939 3232 39428
HERBICIDES
DSHA 16 1638 215 k) 1980
HSMA 535 131 78 248 172 29 14 1353
MCPA, Iscoctyl! 99 17 17 133
Estar .
2,4-0 Amine Salt 3 1481 359 1848
4(2,4-08), Butoxy- 74 29 103
athanol Estar
Dfuren 6 201 38 43 98 1883 1269 3533
Monuron 1173 1173
Amitrole 121 5 19 167 14 10 25 & 8 366 420 10 1140
Atrazine 779 516 226 17 483 354 2375
Bromacil a3 117 7 17 299 360 1988 2941
Prometona- 13 742 a7 55 11 ) 33 952
Simazine €64 726 34 135 25 23 i3 570 174 394 1178 478 4505
Dalapon, Sodium 42 70 11 123
Salt
Sadfum TCA . 39 3310 5849
Glyphosate, Isopro- 6 18 32 1398 895 311 1508 74 L a24 96 4809
pylamine Salt
Fenac 45 30 877 1012
2,3,6-T8A Dimethyvl- 428 77 77 582
amine Sait
Dehlobendl 148 23 37 3 38 42 294
J1phenamid 113 148 7 41 5738 48 23 82 1070
Braomoxynil 12 28 197 594 219 803 111 21 23 2005
Octanocate '
1«(S=Tert-8utyl~ 405 1249 5 4 58 152 1808 12 3704
1,2,4-Thiadiaz)

SUBTOTAL: 2194 3380 1401 2145 1332 1847 1414 3183 3292 11228 3684 966 11846
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TABLZ 0-2. (CONTINUED

CHEMICALS APR MAY SUN JuL e 0cT iﬂﬁlifL
SUNGICIDES
Bencmyl 182 148 131 12 1a0 35 394
Serrane’ 127 ' 317
Soweide-A=R 1062 373 1731 §47 347 1405 9273
PCNB 302
Caztan 167
Thiapendazaia=] 1 1 38 184
Sec-8utylamine 98¢% 380 8245
SUBTOTAL: 1245 1838 1398 633 747 1349 19588
NEMATOCIDES
Mathyl 3romide 1643 1776 ige3 1424 2822 13385 77919
SUBTOTAL: 1643 1776 3663 ia4a 822 a8g 77519
PUANT SROWTH
2EZULATERS
Malefc Hydrazide 12732 76133 38885
Diazhanoiamine
%ait
SUITETAL: 12752 6133 28888
SESILIANTS
cagadyiie Acid il EE] i 3 2.8 3 37 3 733
Sedium laca- 53 313 3 kY 1282 ki 2346
dylata
SU3TATAL: 7G 373 7 13 78 3 20 3084
TOTAL: 13298 Q738 39892 14399 13080 13103 43528 320848
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TASLE D-3. 1876 MONTHLY DISTRIBUTION OF INORGANIC PESTIZIDES FOR APPLICATION IN FRESNG COUNTY (LBS.)

CHEMICALS JAN FEB MAR A9R HAY JUN ~JuL AUG SEP ocT NOV DEC ég;git
Amma te 175 501 835 1511
Blue Vitriol 2326 £553 630 139 295 4422 12029 30858
Borax 2N 2N
Caleium Chieride 137 137
cacs 194 3049 395 9638
Copper 513 523 1 2338 164 38 3835
Copoer Hydrexide 1047 10528 234 1769 121 235 13934
Cooper Qxide 323 323
Copper Oxychlor- 1037 753 183 33 7 139 36 139 1017 10687 3076 1322 19019
ida Sulfate

Copper Salts 392 3219 3909
Copper Sulfate 245231 38%21 §1 17 6487 5089 10594 35794
Copher<Zine Sul- 1240 5614 333 1976 11148 15774 15080 1342 2873 55440
“ata Comolex

Cryalite 2318 167553 250459 122335 9277 3485 560677
Diammonium 1 19 228 315 a7 138 578 342 32¢ 379 328 1020
Phosphate

Disodium Qetabor- 427 1229 536 2192
ate Tetrahydra

Lead Arsenate 1068 1068
Lignin Sulfonic 13 500 2102 635 145 152 157 39 224 4117
Acid

Lye 729 1267 739 423 527 739 388 106 211 527 6122
Magnasium Sulfate 57 195 a3 335
Phosohorous 148 180 338
Phestaxin-R a7 &3] 25 18 130 230 L 81 8 625
Qac-3utvlammon- 3580 2343 3330 2727 13583 1515 17043
ium Phosonate

Sodium Arsenite 1487 4900 1200 ) 7535
Sedium Chlorate 1818 2213 4 330 1662 - 29856 570136 ' 4504 182 710811
Sodium Metaborate 3704 48393 8 731 9339
Sulfur 2408 10332 174062 1117481 2083993 813769 393775  &6773 17246 4906839
Sulfurie Acid 105483 106483
Yikane=R 32 31 96 12 157 43 34 i 107 205 0] 918
Zinc Phasphide 30 34 18 35 ) 2 45 165
line Sulfate 1 46 23 197 1755 3759 5143 3538 146 298 10 15678
TOTAL: 43241 86709 17333 200931 1296036 2345322 948572 626422 144334 727519 22565 29190 5379274
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TABLZ J-4.

IN FRESNQ COUNTY.

1976 MONTHLY DISTRIBUTION OF INERT CRGANIC [NGRED
THE UFPER MUMBER IS L3S.; THE

LENTS

{FORMULATION
LOWER NUMBER 1N {)

IS ACREAGE.

C20E 94) FUR ACREAGE APPLICATION

T AUNUAL
CHEMICALS JAN £I3 “AR APR “AY JUN UL 6 EP acT NOV JEC TOTAL
Aromatic Jetro- 2233 2536 15276 3633 18207 29904 ~ Q1¢4 33111 33633 39237 5772 4565 253356
Teum Dissillace (8447) (7153) (54dal) (27220) (35773) (84453)(141817)(110457) (95128)(110815) (19125) (12894)(713538)
Emulsifiers 1382 1535 11667 3333 9809 13099 30349 23671 20386 23743 4099 2763 13334l
(3962) (4336) (32950) (15473) (27704) (51116) (38714) (56354) (57576) (67071) (11576) (78Q4)(233078)
Methyi Qleats i1e2 291 3815 6908 3252 15226 25532 13914 17181 19979 3443 2323 122003
(3282) (3648) (27713) (13858) {23301) (42991) (72090) (36223) (4342%) (5&410) (9738) {5364) (364282}
Xarasens 1126 1254 3530 4765 3013 14786 26792 19337 18633 19399 3343 2267 125262
(3187) (3541} (25915 (11453) (22620) (31754) (7001%) (54609) {3703Q) (54736) 19456) (8375)(383753)
Xylene 192 214 1823 912 1265 2518 4222 3293 2836 3304 570 184 21333
(s43)  (603) (4533} (2340) (3854) (7110) (11323) {9300) 1300%) {9230) (i810) (1086) (60291)
Cyclonexanone 137 152 1158 <79 971 1795 301z 2339 2023 2357 407 274 15217
(387)  (429) (3284) (1632) (2734) (S064) (8430) (8822) (£703) (88e4) (1167}  (774) (22%00)
Tachnical 31 9 385 342 376 1062 1781 1389 1195 - 1394 241 162 8999
inerss (228) (254} (1933) (367) (1526) (2999) (2030} (3923} {3273) (3935) (673)  (483) [2%412)
3utyraiacicne 35 Eh| 107 154 260 177 301 524 237 325 108 73 2043
(103)  (x14) (363) [e34)  (TI0) (13e8) (2280 (1782) (1613) (1788) {305)  {206) {ilalf)
?sagrocanal 2 13 39 30 a3 154 253 201 173 202 3§ 221303
(a3} 37} (80)  (1sm)  (23%)  (434)  (7es) (&) (489) (37Q) (38)  (§6) (1573}
Lgutyl 7 3 59 kL) 0 32 154 129 103 120 21 14 77
 Marcagtan (2%) (22)  (167) r33)  (140) (2g3) (33) (338) (291) (339} {3®) (39) 12139)
faicnloro- 7 3 3 29 R} EN 152 118 132 119 2w 1 757
JAyarin (19) (22) (153 (82)  (133) (285 (s28) /334y (287)  (339) (38) (35) (2161)
{ 3ibuty] 3 3 23 12 29 kL] 51 13 4 13 3 5 369
DisulFide (3) (3) (51 (33) (&) (w4} (e (g {um (136) {z3) {16} (873)
Isafuren 2 2 17 9 1 25 E%) 3 Kl 5 5 1 224
(5) (5)  (ad)  (24) (a1} 175y (128)  (98) taz)  (98) (t7)  [11)  (333)
denzane ! 1 il 5 19 13 29 23 20 2t 4 3 147
(s} (3} (32) (18} (27) (43} (33) (33} (33 (a3; (i (8) (920}
#atnyl Isagutyl - 3 9 2 L 2 E 3 4 4 ) i 1 28
Latone (1) {1 (3) (3) {s) {(9) (13) (12} {17} (12} 12) (1) (73)
TATAL: s436 7147 34330 27183 43637 34207 141337 110237 5de3g 110593 19088 12863 714110
(18171) (20137)(183432) (75763)(125004) (238621} (299124)( 211305} (258101 ) (312318) (53903) (36341)(2016883)

TABLZ 2-3.

TN FRESNG COUNTY (LBS.)

1975 MONTHLY DI3TRISUTION OF INERT ORGANIC INGREDIENTS

[FORMULATICN COCE 24)

=R NONACREAGE

APSLICATICN

ANNUAL
CHEMICALS MR 723 MAR AFR MaY JUN UL UG SE? oy yaoy JEC TOTAL
Arématic Fatra- 122 202 1199 523 236 1820 3018 2363 2923 2240 L34 300 18380
Taum Jistiilate :
Smulsifie=s 201 122 728 ki 203 rio2 1327 1832 1223 1356 <73 L7s 3418
Mgthyl Jiaate 179 g4 810 38 308 328 1333 1274 1029 1141 230 115 7324
Larasare’ 134 12 383 ice 193 301 1432 1170 599 1107 223 154 7536
Aylene 30 1 190 37 L 153 283 197 169 1338 i 2 1309
Iyclonexanona 29 i 72 37 3 a8 132 142 122 135 27 3 334
Technical Inerzs 12 7 43 22 33 33 128 S 7 " 30 17 10 334
Jutyroiaciane 3 3 13 e} 16 29 a3 33 32 18 7 3 2¢8
Isgorooanal 2 1 s 3 S 9 15 12 i 12 4 2 79
Jutyl Mercactan 1 1 4 2 3 3 3 7 . £ 7 L -1 47
Hexane 1 1 4 2 3 § 3 7 5 7 L 1 17
taichicrohydrin 1 1 3 2 3 3 3 7 § 7 1 1 s1
Jibutyl Jsulfide g 3 1 i 1 2. $ 2 2 2 i o} 13
Isofuran 3 3 1 i 1 2 3 2 2 2 a 3 14
3enzene 3 2 1 2 H ! 2 B i 1 3 2
Methyl lscoutyl ¥ 0 g 0 ) 3 h) G 9 2
Ketone
TATAL: 313 373 332 LTEd 2807 5140 3513 5672 o3 5322 1272 335 42908

——
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TABLE D~§. 1976 MONTHLY DISTRIZUTION OF INERXT ORGANIC INGREDIENTS (FORMULATION CODE 29) FOR ACREAGE APPLICATION
N FRESNO COUNTY. THE UPPER NUMBER IS LBS.; THE LOWER NUMBER IN (} IS ACREAGE.

CHEMICALS AN FEB wm AR MAY  JUN UL AUG  SEP OcT  Nov  0EC AfAL-
wothy? lsobatyl 632 2419 79T 1857 4073 2967 6074 9457 7180 25385 2417 2885 53043
Ketane (7486) (28632) (44754) (1532¢) {43244) (35150) (71953)(112827) (85047)(306622) (28632) (29435)(817825)
Butyrolactone as9 1782 202 1224 3005 2192 484 6978 5297 19103 1782 1835 50943
(5431) (21112) (33150) (18433) {35399) (25964) (53108) (82663} (62743)(226285) (21112) (21737)(603444)

Emulsifier 435 1693 2650 1160 2383 2080 4254 6625 5030 18133 1693 1740 48356
‘ (5148) (20048) (31513) (13744) (33793) (24681) (50393) (78471) (53579)(214797) (20048) (20615)(572790)
Dupano! 216 361 1322 575 16419 1033 3115 3305 2500 9015 841 865 24048
(2562) (9965) (12885, (£223) {13314) (12232) (26053) (39152) (29612)(106785) (9965) (10249)(284872)

Prooylene 01 783 123 517 1322 965 1973 3071 2331 8404 733 306 22408
Slyco] (2385) (9280) (14534) (5384) (15636) (11429) (23365) (36378) (27517) (99547) (9280) (9552)(265448)
Diesel 011 193 781 11y | 515 1266 922 1888 2940 2233 8048 751 773 21460
(2291) (8891) (13230] 3104} (14306) (10022) (22363) (34831) (26448) (95332) (3891) (9150)(254199)

Xylene §3 24 sad 1§97 412 30 515 958 726 2621 244 251 6988
(788} (2893) {9515) (1584) (ea76) (3554) (7285) (11246) (as95) (31042) (2893) (2975) (82732)

Vethyl 60 24 7 13 194 288 38 915 595 2506 232 260 5678
Cellosalve (763) (2775) (4325) (1389) (a634) (3412) (6913) (10839) (3229) (29883)- (2751) (2846) (79108)
Technical s 186 280 113 273 204 413 530 493 1778 186 170 474l
Inarts (518) (1072) (3082) (1335) (3306) (2420) (4947) (7698) (3844) (21064) (1972) (2019) (56178)
Iscpropanal 1 138 2 55 232 183 346 538 410 1476 139 140 3938
(a13) (1632) (2562) (1121) (2751) (2008) (4097) (6376) (4852} (17486) (1642) ({1853) {a6604)

Toluene w2 4g 73 331 a5 &2 125 195 49 53¢ 49 . 50 1731
(1435 (573)  (s21) (4052) [1008) (732) (1376) (2215) (i753) (6323) (573) (590) (20486)

prraffin T 2 71 52 105 158 125 450 &3 4 1201
(118)  (s07) (778) (331} (338) (614) (1260) (1948) (1878) (5325) (507) (519) (14202)

Ethylene s 18w 2 30 2 & 52 189 18 18 503
3Tyeol a7y (:2) (39)  (142) (354) (260) (513) (8le} (813} (2232) (212) (212) (5937)
Statiylene 3 T - R - 330 13 12 3
Triamine (@7)  (134)  (203) (113) (290) (189) (390) (502} (e61) (1842) (154) (15d) (4419
Cyclahexanol 1 5 11 3 15N 7 16 25 20 59 3 5 184
(2} (1) () (4 (130) (83 (189)  (298)  (236) (814)  (95) (71} (2173)

TOTAL: 2169 9181 14423 5500 15474 11270 23078 35941 27280 98349 9179 3436 262539
— (28058)(108732) (170838) - (73133 ) (123610 (133610) (273243) (425755] (323112 (1154985) (198732) (111777 31 10418)

TABLE D~7. 1976 MONTHLY OISTRIBUTION OF INERT ORGAMIC INGREDIEHTS‘(FDRMULATIGN CODE 0%) FOR MOMACREAGE
APPLICATION IN FRESNO COUNTY (LBS.)

ANNUAL
CHEMICALS JAN FE8 HAR APR MAY JUN JuL AUG seP ocT NOV DEC TOTAL
Methyl [sebutyl
Katone 111 19 208 383 1317 158 121 1310 151 373 170 29 4319
Butyrolactone 32 14 151 262 972 117 as 947 111 275 125 22 2188
Emuisifier 77 13 144 249 322 111 a5 918 106 261 119 21 3026
Dupanol 39 6 71 124 459 55 42 157 53 130 39 12 1505
Propylene 3iycol 16 5 &7 15 428 51 39 128 49 121 g3 10 1403
Dfasal 01l 34 8 64 111 410 LR I8 a8 . 47 115 53 S 1345
Xylene ‘ 4 18 24 jAd] 25 9 3% 50 45 163 15 15 432
Methyl Cellosalve 4 14 23 10 24 13 37 H 43 152 14 14 411
Technical Ilnerts 3 10 15 7 18 12 sl 42 3t 110 10 10 294
Isopropanol 2 3 13 6 14 10 21 34 25 34 3 8 243
Toluene 1 3 5 21 5 4 ] 12 3 35 3 3 109
Paraffin 1 2 4 Z 4 3 6 10 8 29 2 3 74
Ethylene Glycol 1 2z 1 2 1 3 4 3 11 1 1 30
Diethylene
Triamine 1 1 1 1 1 2 3 2 8 1 1 22
Cyclonexanol . 1 1 1 1 L 4 9
ToTAL: 334 118 790 1274 1603 509 857 4710 534 1879 638 156 16410
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INGREDIENTS) FIR ACREAGE

TABLE 0-3. 1976 MONTHLY DISTRISUTION <F NONSYNTHETIC PRODUCTS [AS MINOR ACTIVE APSLICATION
I8 FIESNO COUNTY. THE YPPER HUMBER IS L3S.; THE LOWER NUMBER IN {) 1S ACPEAGE.
. ANNUAL
CHEMICALS SAN ] MAR Ap3 MAY JUN JUL AUG SE? T NOY JEC_ TgTA
Aromatic Petrc 3 65 13128 7382 25415 14692 15097 36218 7328 220 "5 151163 326640
Teum Solvent 13) (52} (12073) (6 290) (20295) (11709) (36753) 44861) (s5244) (17%6) (3)  (852)(140886)
Pecraieum 139 2736 18296 181 43 3381 1223 3637 1508 1164 35343
Jistillaza (127) (2191) (148Q1)  (304) (38) (2895) {3378) (2902) (1203} (929) (28385)
parraleum Jistil- ' 14 35561 344 300 2771 1420 2060 30 170 16670
late, Argmatic (12) (3438) (674) (839) {2z12) (3s528) (1648) (23y  (138) (13306)
Patrsleum 223 2573 2912 4543 2373 7327 12822 12383 19293 24543 22¢8 2545 94391
dydrocarson t173) (2087) (2225) (3625) (2293) (3@47) (10232) (2881) (15368) {19586) (1735} (2113) (73328)
Patroieum 011, 49326 123168 3495 1718 18720 s306 3308 7274 10677 11324 1384 93470 334978
Unclassified (2169) /6283) (511} (371) (s38)  (153)  (109) {312) (e839) (103s5)  (114) (2543} (28297)
tylene 638 1337 3006 5343 4212 140883 27208 21277 3533 5786 322 347 G7167
(s10) (1086) (2399) (¢663) (6833) (1l218) (21713) (16s80) (salo) (46i7)  (636)  (277) (77542)
Xviens Range ira- 139 483 2€1 1367 12421 20305 93728 3455 1332 3 49631
matic Solvent (112) (361} (238) (1381} (9912) (15203) (i780) (2757) (1200) {2) (39606}
TITAL: 25254 130031 48304 24579 33378 33563 115899 114532 533El 15373 1533 2490984 955020
"" (2930% /11737) (12282} (20089) {31843) (12179} (30534} (86223) 7313612} (37%24) (2831) {8332)(2n3330)
{7230z 3-3. 1374 ONTHLY JISTRIZUTION OF NONSYNTHETIC PRODUCTS {AS MINOR ACTIVE INGREDIENTS, 2R NONACREAGE
APPLICATION IN FRESNG COUNTY (L3S.]
1 ANNUAL
L AHEMICALS I8N -t 45 APR . vAY JUN JuL Aug E? [olore OV age  TATAL
Arcmatic Jeirs- 137 461 332 339 302 1003 314 1178 311 133 1358 326 3008
jeum Solvent
Mirerai 011 27 §72 33 313 145 57 17 41
Ferraieum 1370 739 5825 3574 9954 1632 1620 39112 3026 2558 1731 1388 14094C
Disziilata
Pezraleum 3 kb 12 52 76353 3 3 &8 13896 29 10 33 30504
Hydracarzon '
Perraleum 211, 2328 i1z 1152 132 23 209 I 179 26 21098 300 3640 13308
Unciagsified
iylena 143 271 303 343 . 297 208 142 182 a1 147 18 2090
Xyiens Range Are- 124 207 129 115 827
matic Soivent
TITAL: _ 4281 5295 3517 3813 37254 5177 4739 Q0731 21034 10210 335 5328 253914
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C

TABLE 2-10,
FRESNO COUNTY.

1S L3S.; THE LOWER NUMBER N {] 13 ACREAGE.

1976 MONTHLY DISTRIBUTION 4F NOMSYMTHETIC PRODUCTS {AS PURE QIL) FOR ACREAGE APPLICATION [N
VOMTHLY OISTRISUTIONS OF PETROLEUM PROOUCTS ARE BASED ON JISTRISUTION RATIOS
ELORTED IN 2UR; “HE VONTRLY ACREAGE 1S 3ASED ON ANNUAL 4PCLICATICN RATE.

THE JPPER NUMBER

PESTICIOE ANNUA
PRODUC%S JAN FEB MAA A2 MAY JUN Sub AUS SEP 0CcT NQV JEC TgﬁgLL
Aromatic Petro=- 1592127 1692127
Teum Soivent

Minaral 30215 245036 721 3308 310656
011 (10334) (83807} (8¢ |2488) (3222} (106290)
Petroleum 1951 1951
Distillates (668) (668)
Petroleum 293352 1186935 10378S 1985176
Hydrocardbons 1237824) (405648) (35498) (578970)
Patrolaum 011, 417678 1085062 15404 6766 152507 40718 24622 67377 38723 27145 20359 879875 2796256
Unclassitiad (142854)(371115) (l2icy,  [23:l) {32180} (13%28) (8421) (23044) (13245} {9284) (6953)(300935) (956378)
TOTAL: 785 353071 40718 33927 1285363 142512 27125 1712486 379875 3786166

3
a2
[

147894 1330099 54290
1153188)(454922) (18883)

=13
12327)1292452) (13926)

{116431(429360) (48743)

{9284)(535705)(300036) [2321048)

TABLE 0-11. 1976 MONTHLY DISTRIBUTION OF NONSYNTHETIC PRODUCTS (AS PURE OIL) FOR NONACREAGE APPLICATION

IN FRESNO COUNTY. MONTHLY DISTRIBUTIONS OF PETROLEUM PRODUCTS ARE' BASED ON NISTRISUTION RATIQS

REPORTED [N PUR. [L3S.)
PESTICIOE -
PR0DUCTS JAN ££3 MAR apy MAY Jun JUL AUG SEP acT NOV DEC ?g#iﬁL
Aromatic Petro- ‘ 3762138 176238
jaum Solvent
“Aineral Qf1 3504 55239 3313 2031 2539 476238
Petroleum 549 549
Distillates
Petroleum 195701 343371 29211 568282
Hydrocarpon
Setroleum 011, 117534 298307 3984 1§10 42923 11480 8930 13962  108§8 7639 5730 247635 780113
Unclassified
TOTAL: 126053 364306 13279 1910 Z40835 11460 554G 162882 . 40109 7639 481968 247635 12809951
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APPENDIX F

SELECTED PESTICIDES* USED FOR
CROPS IN FRESNO COUNTY
(PUR REPORTED VALUES)

*Pounds of restricted and nonrestricted
pesticides applied should be multiplied
by a factor of 1.13 or 1.47, respectively.

264



Bee
S62'¢
2%8°}
r¥41
‘2o
1094y

viZ
0g

04

0g

0zl

09
2604}
0¢e
1611
05e
€56
916}
s010¢
096°S
501004
61276
s0ELH
lepeel
vaprsi
061
840751
£5070¢
¢z02
oguigt
Ogeig

oomooocCocoOCOCoO Q@

§34)v
1viul

iv
LA
[49

oo

ogc

10E*]
ecvi}
11671
66872
1599

cCoCcoo o
<~

7
-

14

[49

vi

(X
09
el
1i¢

[ 211y
186
L1251
Tiere
0gleg
6lVrE
cgsYY
DES*S
2g0ey
SES*Q
18€+09
Q
geueil
Ziseii
vicecl
0p5es|
f€leg}

~

CCOoOQNINONOOOOoOO0OC OO0 OO
e~

- o
o~ -
o~

oo~
-

o
o
CoODOOODOCOTOOS O

s61 S3Udy
HiHLQ0

(=== =]

OO0 O
o

oy

(29

COoOMmem OCOCCOTMDNAOOODYRLOOO
-—

OO ROLOOoeC

s

011
12

81¢
[AFAXY
0

1eg

tesri
b6t

vic

DO oCOoOCOOoOCCO
o

DS OOOCOO0CODOD0O OO O

EEDNL
annoyd

ue
cs

Vee
cgerl

byei
Evgree
196G

T o0 COCoDOLOCA
o

.o
o - -
- o

(=)
o

CCoOoCrOoORDDOoOeCQO

s81 -

Ji

0

¥

gt
elzey

0

0s

02

04

0el

p
[N
veEe
1636
oLy
£56
gigsi
[TY XL ¥
699¢q
cov0z
nlpeg
681l
bUg gy
Cdu G|
0%y
vdgul
RN
Gh6792
0Yuegy
Qugrg

coTDoOCTCcoC T CoCoC9C

$4udy

gl

gst vl
6
yi
06049

0

174

[49

[:¥3

(X9}

0

(44

[N ¥4
YUuEg
196
1¢5¢)
tobel
120¢
AR
UGy
[ 92908
200y
teveg
L¥EO}
0
Yeor0l
euvrll
gllegl
Oygrgl
ECYegl

ocoocCCODOoOCOoCOO0OoD o

S81

G0l00

19910

66v00
(002000}

01iog
fuvio
66200
60100
65400
vIC0o
{00p000)

92900
p1E00
0LZoo
g l00
1t800
64690
99500
grEoo
10910
9E900
s0100
cgelo
oprig
24000
0guroo
66910
90100
65v00
14500
66200
65200
ye€0O0
€yeEdu
{1506
5500

(00£000)

05000
0i100
9£ 100
vSE00
92900
10910
01800
0100
90400
18100
50100
vouoo
gLrw00
SHEDD

(0pz000)

s3u0d

TAYYENYD
301804210 1vibedyd
N0ldLvHvd

L)214ddy

NOAHLIMIA40BYYD
JAJUUINITG Lvnovevd
TR R E]
JAHYYHYD

NOIHIVHYd

HaNUlHLY

Sunpnv

Joindsund JHIZ

HeNDHEND

HoNOLSAS=1U

LIYS ININVTIAMLIINIQ (VdIR
43154 FInvHLIAED LY tuldenpetdn
auvy191y

HOL3IW3C

L¥S FRIHYTIAHLIATU (hdapeT)
JA]d0THI10 LyNavdvd

qeveg

TauvgHivd

H3ILS3 IALOUNST qulapTy,
ULV TN uINLN y.N1uASOHd
d=N13014

Hanludsang

Ba3010vddis

NvEN 1083V)

NOITHLVUVG

dd 3l

Ny 311S00N73 alts

Nydlsuong

NOdLvYYd TAHLIW

! FAHAHL 3K
U3ly 14y UIHIO ¢ddIy
INIHLY RO

(BRTERL]

H=00z udiihv =

NHOTHEINIAdDHUVYD =
flYpldud0IH) -

(I1S¥H) IL¥NISHY UVIET -
J01Hds0ong T -
JOEHOTHINU Jvndvdvd -~
43187 1Adudduss Q-%¢g -
JNVOY0TIHY -

LI¥S INIAVIAHLIALQ ¢G-Rf2 =
Yils3 TALI0pS1 ¥4IH -
YAuyAUV) -

H-NIXULSOHY -

) Jiyubid -

Jyldoyy TAHLIW -

YIHLD ¢»3PondVV

ALNNUD UNSIHS NI Y61 Nt mNQKu__m‘a G3101135 3a 35N

255



L

s1c

3}
st
021
742
199

Y1
uio

[ ¥
Git
azy
00w
g2ere
L1y0°%4%

BOOI0RE
J00Qwe
2

oni
£L9°E
1t
s62°l
valLeQl
658796
sghese
Elesy
£t8S/(
Ogzecd
v0999¢2
9sle it

Uy
LX)

<

et
(L]

gic¢

6l

1]
gui
€291

34
el
esl
738!
6@l
561
gevel
gEF ¢

0

[4

9

[
an6el
Tibez
Ze%heL
PARAA
90€+49
41 A4"]
[ X4 B3
vil*d
zZie¢l
61098
686°9¢C

[1})
92

oCco

cooCcooC

oo

oD oocno

000032
0ohe0seg
{

501

92

(==

oo o

(=2 -]

oo o

(== R = I O i -

DT ™o

mOoONOoOoONOC OO T O
[ .

(3%

oo

c oo

[=J g = R )

c

-

4]

oCc

1]

GOl

=S

0

oo

ccoco

v

N oo C

e C

CooCOeRE0C OO

Vi

0+
Gy
241
[ ¥ ¥4

191

-

st
9]
(XA
vig
L4

(e9vg
[AANAE
FLYER!
WoL0]
65876
[ XA BT
Cdgey
€S5S¢
SC9Ed
LLLAT T4
DELezy

[ SR 5

1]

Z [PELET

ULV AL aan]adsud

v 6owr0y H-NludSurd

v : €YLoo TAWOH L 3A
(upaion) Sinpuds S iissan

2 99500 LTS ELEL]

[ - 0yn06 U3LV138 HANL) “H.n[ulSuHd

un 00v00 Han[dUSUNd

LU €0E00 VAWOHL 3n

Sl¢ 16910 g-4ulittla
(994100) . i10730ud

51 10v10 JUTHU RO J O w0y UV

) too9lo0) 1104340 LLuisudld

Y {0910 IWTHUIRITO Lyndvavd

v <5100 Irgvuedyd
L665100) Wild ‘S3jH¥dd

t 0qb0e6 G3ILVIIY YInEQ fH.N[uQSOHa

] 06v00 H-NI4asuHd

[ e4€00 HOIHLVHYg Jaid 4N

Bui 66500 tHOlrpvdtvd

f29¢] c0i0o ThHyHUR ]
(oo»t00) §1 33k

iy 661200 HOTALYHY Y

Qci [ L1 2LV wddid sa.niuis>0Ohd

usi €Ji00 T dVudv)

el vt 00 NUIHLvhyd TARLIH

'X'R} ugeoo H.1140%0Hd

Su% 66400 v 1105000 3

AT R £YeEd0 TAROHY J4

de ¥l ¥3500 JHIHAY Xy
(op2loo) R EL

J 9¢100 H1dDTaduQIH)  =de

v 52600 1gtvoys IAHLIH -do

4 . 29500 Hui 4430

: 0¢i00 INYOUE D

TR 959400 1195 IIMY Ml 1918 svdou

Leued 12910 FUFHOTNIIG pynbvuvy

[ZA R v04do 43180 MApng Ganeg

glagig 65h00 nGlaiviuvd

L9 96010 1U4NITAdUNG-E ¢t -1A300LH saniy

Dygey v6E00 NOFHLVHYd  bAIIL W

vlyeg 91900 w2

LY S ¥ 0¢2e00 HeNOiSAi>=1a

breegd 0800 11v30uy

bluc9l 10800 H13) $1IVS Fuidvigaydiv si-vr

Ivo 9k 90200 LIS Nlag AHLYajy s-vel
(001100) A3lUvE

0 A g 0TIty 1vitovdYd

[} 65400 ’ nolnpsund
(000400} JiyaUny

v 65200 ETERUEY LLE]
(LuwliQV}. In0211uY

266




[3¥4
051
vt
928\
204
g2erl
$E9E
R0y
[ITARS]
I FYAL D
Eyheyl
gou‘tl
AL 14
6BE“EV
fvgrite
[ RF A

el
el
el
86
25¢
62
€99
fgiel
[ 11844

sl
sl
og
0vE

yel
921
vé

96
56§
60671

o<

66
(1131
20¢
1Y)

vel
ogt
[8s
bevy
120°1
f2vetl
[ LAY
givesy
[T TAXS
Syvey
[FARS]]
stve0e
DEGiC
TR
Zevrue
186794

AR
pot
114
(3123
vey
gib*e

LA AR

£t
oglre

Y4

X3

v
tel
Voc
gti'y

o<

-1
by
16
96¢

el
we
ge
7t
gt

cCcoooC CCo

w
o
o

0z

- [-=N 3]
< -

cCocCc o

(=N =] cooooo

ocoCoCQ

OO ON

Do O OO0

(=R Rl
o Mo
pa—_—1

el

L= = =] oo OoOCC

oo (=== =

[ =N = =

D DO O

0l

0

0
Qeyeg
0

[}
oKLyl
yluegl
(14
EE0eye
9l
¢

A
81
0
(3]
(41
1
4

L]
[43

ve

669
€16l

«© <

ocCcoo

L= — N = =]

=
-~

Ul

CwC oMM COD

0
Deweni
2Uy0¢
e

Lyt ye .
282

0

=R ol

vl
EvE
OnGec

i

16e
0czey

cooo <

e SocCca

vl
0ol
wiy
[
b6y
BeEl
yHp L
RS
080714
ylvegy
£65

[
oty
96821
vigrgee
GsE 22

cocCc T

vyel
sel

56

9k

[ =R <]

66
20¢g
20E

gt
it
tus
yh
oy
eyl
foUrg
RN
vder s
LSy
lbg

(X1 XEA
VYool
Oflegy
Le6eS)

c =Cc C

Tue
vey
S95ee
yelheg

cCcocC

vt
tel

91

by
g

96¢

gusap
PEZAUd
66200
pEcou
G010
64K0D0
vet 00
¢1000
[gcoo
6uvlu
pLe00
[ R3HY
le¥10
2,000
10910
LS00

(0D6EDD)

ebble U

6000

66200

[ X-331Y)

[ 4]

£BECD

6500

G0100

giw0o
(e0Bton)

s0i00
10910
66000
9200
(0peE00)

o4e0s
0yeo0
66t 00
50100
65200
(gtoo
(006200)

6st00
V6500
(0pv200)

6500
ogele
oyvoo
6500
(002200)

64200
50§00
[IPLXITY
p6500
[{QI-2111]
£REOD
(0012000

NOLIW3Q
HOIHLY
Nv3INS0an3
Vo NOLSAS- I
RPN LA A
NOLHLIVBYd

NOlH1vdyd VAHLIW

HaNfHai8
TAnQHL IN
Be3alavudns
Iivudng
ayval 0y
Ha-tULIHOW
H-NIBUOZY

T 301u0 MU0 LYNEVUYY

RUEHELRL P
NuLLed

C1IVS ANIAVIANLIAL0G feVURNIIG
1198 INIAVTANLINIQ ¢vuHvIIQ

Ny 4105003
I 3ngvrlL
HaNOLSAS~1Q
TAHORL 3W
noiniLvavd
TAdyBHYD
JLyu0td
NHUY

TAYVEYY D

JOTHOTIHITY ryAbvEVd

a3iviie

034v13d

GI1Vv13Y

Binio

ANIYO

yiHio

g

w0lniviyd
NOIHLI
#id1u *Snylid

fYan1uAS0etd
HeN[BASOHd
NOTLvavd
TAHyBYY)
IFERULLELE]
JAWOHL 34
FELLRETIILLN]

INYUHLY =T1-
INIHGVROL = le
Ny 4338 3111v0

Ny 4 1NSDONR ]

sd-Njudsind

H-NIUUSUMG

JHIHAY AU
IS

Ny dHISUUNT

TAuVUUYD

‘YwNiUUSOHd

yHANAV RG]

Cd=NPHUS Y

Aaailidg
JoyuHyd

267



0gs*el
26l°L
1199l
I
20t 2¢

ssl

Vi
€0z

vig*Z
1021
vED“2S
vddl
661

Ll VAN

o ™

1
¥
11

oo aona

ec oo o

s

sslhey

6oy
865%1
[ TR 41T
28Y*v9

113

0}
(4]
1]

SIE

FyIar4
992
12940}
wepb6‘le
0l1% 8y

Al1E

& T T -

o o=

0

iz
[Y4]
964 ‘e

(14

438

(T4
0E¢
SEl

[-Xad

(= = =

000}
Y
]
Go0ag
1}

i

1
0

Q
0
v
0
(1]
0

69!l
€6
[ X4]
£9e
[\FE

oo0o -0 o oo oo Qo= D0

o220

oo ocooo

[ XX X
L2y

18190l
[1T-E2'A]
£0EelC

oDooe

0s1
LA2Y
oe

8l
864

<=

N

(=]

ou
~N oo

S oD o0

cecoeo e

viBvi

090p+21
Gtiegl
Bzl
LY A

cvg
Edwet
vl
pesrid
Jigeue

—_—ro O
LealENY)

cocCc o

o e
<

cae oo~

ceC o eEec

uog
ac

beirl
bey

Gb 1

g1
(14

oie

U0 eg
£E9y
#U6clS

coo cowuce e o
4

oo0on o

coocooc

£l Colevio
9{ 66200
u 66410
SUi00
ocloo
(0029%00)

vé 6G%00
(006500)

0 [4: 1314
vl ¢so00
%5 cutoo

(00pgcs00)

Sl oLloo

(00€S00)
Shdei 90800
LGU ] 9E 900
bUg eyl 16910
u geloo
v SgEto0

(000500}

09u06
49200
cyvd0
65200
50100
(Do2e00)

(o

9£100
98100
vge00
58(00
5800
(00gb00)

cTooo

0 fBE00
0 65800
y 19910

(060€e00)

Q9 grino
z EpE0o
U shioo
0 (11341
we 66200

(00ik00)

€E900
£4500
0800
[241:1]
92900
seL00
Copuev0?

cCc oo oc

S £9¢00

3Ty Il iy tyiovdeg
Ay A NISUUN
B4 1914
TAHYHHYD
FINvUa0)
$3dVHY

Holdivdvd

211HY9 -

Jalwnue 1aHLIN

H=-ilydozy

TAHOHLIN
SHINUTS

AQIH LK DAY
sl 4

LAYS JHEAV 1AL 10 «d-vs
Qaveg
JUTHUIHILO J¥Ndvuvd
#Iu31d0¥UIHD
Jaiwayt JAHL N

UHyY nyvd HOY v

UILVT3Y 43010 syanivdsund
NJldEd
Henld0S0Hd
Ty 4TINS aUA]
ThdyBYYD
LNI14YD3

NlY314080TIHY  =de
Abay1dud0Ind
e[ XU 5UNG
FiH0yT 1AHLEA =Da
JulHuny HAdldd
Llvad (g3iud

TAaHHL W

NUTividd

HITBUIHITO Lyudyevd
S33UL IVIHTagnyy snangpdid

NI421d40u07R8D
TAHOHEDY
TAdvuuyy

3GiHoNE TAni3N
My $1i1s0Ung

184010

04y = =

U-WVYD 1M d = =

LIYS IHIAV HAHL3AId U~V = =
I IHHIABLS - -

dU0LHdSDHY INTT - =

3054080 VAH1IIR - -

SHINQESSEANOD TIyaBE I 1H9Y A pNftGD

Nd 1

S

268



045y jecre )] H 0 [d (Y 1egeg (eEUO TAHDHL3W
V6616 feoes c6l L] 0 0 bblth 9)leg g9e00 NDIHLY
£66°9 99ur0} 1} 0 1] (] {669 YygrQl o100 TAuvHUV D
(00z8B0D) . Suypian
of 0 0 [} ot 0 0 0 vGS0U0 JHENHDAULS
(006400 SUNTOING #I0ESING D
LR} (13 0 0 I} 0 wii 2% Y6t 00 . NOEHLVByd 1AL 3N
19t vl [\} 0 0 0 iy (AN 64400 EERINTULE]
ote 66 0 1} 0 1] 0¥ 651 givoo0 Jivtdng
11:14 got 0 0 0 0 Uy uog £8L00 TAn0HL dw
§20¢} [ 0 1] [V} ¥} veney tlv 64400 nofHpvivd
vi22 (3] 0 0 0 u veeez £9¢ oenbe 034v138 YANLD su.nIHOSLIY
¥ EAN [AL] 13 0 1] 0 vigre Gy 0pk00 d-NTHGSUHd
gizl Silvy 0 0 1] 0 yheoy clivw 6500 ANINdVIUL
(0pli00) C4va) JonLe
0t 1] 0 0 ] v 0t N 0910 J01Y0IHIT0 L¥YNbYHvd
ve V€ 0 0 0 0 vy It 01200 K1407310
992 ne 0 0 0 0 yve Lhe c0I00 ) JARYBYYD
6Lt ved 0 0 0 0 Qg by 99400 NO13%3Q
see*l FEL AN 1] 0 0 u sy IT2'KR} . glebo EFRTCLN
0y0pl gElt 0 0 21 (A% HSG | [56+¢ tplU0 HUEHLVHY S JAHL Ja
X4 AR [L:LAL] ] 9 29! Sl vy gYorE 66C00 IEROIYILAIE]
slseyd gsu’y 0 0 0 0 gigeyy ¥GGy DgYoe 0319730 NINED qHLKILUSUHS
SISt guvse 0 0 v 0 cigeyl b9 0Br00 Yl BUSUNY
vei02 00Y*6 0 0 (1] S4u Ligeol SuLig 65 V0D HOIHIv¥9d
LA 24 £44°01 [ 0 0 1] vU6e £1L401 96500 INIHIVRUL
Steewe 29t 60} €S Al | FE bU6 (L tubegl £gtod YAHOHL 3W
(0p9400) Cav ) Joagldd
s ¢ ] 0 S < v [0 LBEDO TANGHL In
oe € 0 0 oz 1 0 U g0 100 TA3vdav)
: X4 I3 1} 0 42 ') 1] u Pavio 30180 14010 pvndvBvd
001 11%4 0 0 004 (194 [} 0 60910 Ha301dvudils
(0p5400) T ER
[} (T} 8 0646 0 u 0 0 9El00 R RIEL LI ALE!
@ ofvee g 0l10¢c [i] 4} 0 1] GutDO ntrpye TruidW
. . . LUDEL0D) 1HEN
0 61 0 0 0 0 ] 0 BUEOU 3153 1AL20081 *U=-v'¢ - =
0 066 0 0 0 0 0 0 [OE00 H13) S1WWS HIAVIONYNIY ¢OQ-W'g - =
(uptiuo) SrOl¥Lg iy NUILvy[Bal
o0y I3 [ 1] 000+ I3 [ 0 GeE00 401HOHE YAHLIE =De
29 21 0 0 4] 21 0 1] atius 031VIY #IHLY cINVUBUIND
e set 0 0 24 sg1 0 0 wES00 JLihasuv aipuus
Si0vi sev 0 0, s11 9v uve £ot LA 034V138 U3NLG sB-NlUUSIId
5691 [1%4 0 0 G699y} . (4% 0 0 [ AxAHI] (AT RERNT
Si01 [ 1a4 0 0 il 69 0Ys 1.8 aph0o H-tI¥0SUNY
vel (41 0 0 Lr4S ko 0 0 £6800 (UUYUNYLIS) SLVN3Suy vl
celfe aglel 1} ] s0lrg 65141} 0 0 o1iop NOEHLIHIHdDUAY D
IT1AR} 140 F¥4 119 00zl Eviel 0 0 y1E00 y=HOIHINY
AR ARY el yey FL; 18hegl bisei b v 66416 GILy 13 ¥IHLID (30T VIO
61971l 1oy 0 1] [ 1R XN 1092 1] 0 6600 NOliivtivd
1292 [T T RS 0 0 12yeg V9L 0 v g9200 NOIHL3
09€"1 SZyer9 R0 5069 952§ led¢s 0 v £¥eo0o0 IavHISyvy wnt0Us
oggrct cElg 1} g peesgl 11343 vy 60e cutuo TAnL 3y

269



'3
oz
11

0}
fle
59

gige
0w
[TY. 34
280¢¢

13
960
19043
v

st

§9071
0y6l
well

F31

9e)

6l
sel

[

dui

4
998744

fgd
50
48
[ XA REA
Je6*9

Fa1
Fa )

ue

vel
o9l
ese
9sh

19

01

2]

‘3]

02z

€9
09¢
1113
(1234 ]
02¢ce9
6099y
¥ ad’]

[}
89
zle
6l¢
89¢
siE
[T LRA]
885t

0e
344
ayy

%5

L3
oy
LEees

foVe0g

Es)

Y4
[ 334

CcoooCcCoOooeeS
WO OQOOoCOoOOoOO

SDooODLocoDCC
LYoo oo

Sooc
oo

oo
oo o 20

oo w

=
=1

oo P v oo
-

oo

nneec

-
D ooQo

i
Ll

01
£le
59

114

glue
0tye2
ygre
230¢¢

SO0 O0OWwWDCO

Rl VI S oM

vigeg

uz@ey

(==

ue

©C CoOo®

01
vl
g1
Ge
£9
0y2
Y]
16€ ]
Deeey
10242
tZg8

cCcoosrcCc Cco
™

Ul
ER T4
2u9

L= o ¥

61
i
Wil

5%

ey

[HiNY
18047
99001

recoc

"o CcoT oo Q

iv

L2 2']
19071
9

BSE
1907
AR
udle|

%
(14

At
L

oel
(1]
5%
g5

989

£
LA
cie

"

Byl
6lt
faley
GuGeg

oo

vi
il

i¢
(4]
te
yoy9

«O000Ui0)

cunls
Zsuoo
P4 R
vigoo
R R EH)
G210
ggcou
solon
feE00
{0210
65V00
68910
(000600)

£gE0O
v6£00
ngele
[ TR i)
[R YA
ogedo
66500
b6S00
(u09600)

o910
L5000
50100

(0pgéb00)

YOO
0g200
(002600}

9§ 900
90BU0
vES00
10910
(opstoL)

10910
0t100
s0i00
£HEDO
65400
(00ppB00)

Guals
0g®00
(002800)

wLvuo
tooveoo)

v6E0U
6SV00
0gro0s
pevon

85200

QALv1dd d3IHLL o

NO
43454 7

J018U°H

HO L
A3LVI3Y Hiudlp

3G 1HU HH

LIVS dhlav iin

LI¥S INImv Ay

STVlHInRyNYD

SUU e HdsSUNd
H=NiHQUZy
KOUInVHASUNG
HeNOTHLAD
iHiENIHJOUHYD
AdOHd Qa0
Wil g
TAUYvdYV)
TAnDHL An
JI0 Lvnbvdvd
HOldivdvy
da3ulovddng
JUNVHO

FAA0HLdA
lvdyd VAdddk
TN HOSUHd
NEHD140BU IH)
HaNOTWLAY
HotjudstHd
KOlrlvavd
AN Iddy XUy
SHOINY

Jlu pviavdvy

HUErLVYVd

JAbivudvd
Sial o

PR3 RV Y A
TN S R
SivVUl

G022
1Aty laveg

A1 EhdSyy HLJHUS

JUidun
Syiny

JHU M
NG

3Lv13d wavan

JlU pynovdvd
Tyl 1Y) 1 HYy o HON

Jiu Jvinuebyd

LN Itadu i)

TAhdedtvy

TAAHL 4

HOknpvdvd
S3NIdy 193N

cNapiulsutid
HaHTUdsUKd
UHy SN

dlvulid
SAU3INY 1130514

:c~=»qm<c RFYIEEL]

U31vI38 BIHLD

NOI'tLVEVd
Stlatgy OSSO
HaN]yUSUHG
ny glasuany

270



86
SE

< «r
-
-

(4]

oz

o9
154
h9c
62972

ov

101
0zt
o0}
SE)
sEl
121
6846
ive

091l
iew

0%

0y

58
9oy
981
0tg
TYH

ve
st
00s

"33

s
owl

1]
i
[AR

us
¥
[ 1
Iy
IZ-A

'R}

LAY
v
0s
€9
ko
(114
112
06t

99
fe6l

21

ve
ol
os%
426
26570
[ 2.1 A4

Vi
€91
€9}

s€

NQ oo o o Cco oo o

<

L=} cooocoCC o

ocooooCcoLe

coCc o

o ccoooo = oo

< Co0O0OOOQ

oomoococ Lo

LoC

g5
113

(=14

[

02

(3
sig
¢9l
cHGre

ur

© - —

gov

gt
e

LL9t

o1

Sy
ovi

{139

Ve
ez
[2%7
€lerw

w e T LD
[Tl ot

"

Qo -

<

6el
UDew
vey
g4l
Ey99

p=4

oo

St

(=i

401
0ol

St}
(131
sel
Lue
1o

ovy
X4}

ve
00g
vog -

(0nniio)

Y oLiuo
65700
50100

(oo8¥io0)

o

v S4500
L p1€00
Vi 16910

(0pgi10)

01¢00

66200

01100

1ovio

i 50100
65000

(op2lio?

o CcooC

n e

0 10910
COpV1i0)

vi 99500
Le 10910
0 L0V
£e oBrO6
ve ogLoo
08¢ 50100
Gie £8€00 -
'1-3% 6GC0U

(068010

Y [IA]
(ogvip)

ve peLo0
Lol GELOY
(009010)

0 65v00
0penio)

v LYY
Y 56200
1Al 11500
ve 11506
v 68910
¢ vieou

.0 10940

thy ¢0I00
£5¢ 65400
(nou0iD)

ul 9Cvou
ol 90400
194 10910

LODE0ID)

U [ R

SNIMJHNd

HOTENIdaOutVY
NpIHIvEVY
TAuvEHUT)

aNhsd

AygvaiQiy
Y-NUIHING
H-dl) ) NUA

niviud

M HNEIT
Ny dTnshuny
HOLHLNIHAIUUVD
JOIHOTIHIIO 1¥Nbulvd
TAdyUUY S
HOT vV

Kild

JULH0IHITO Jnnviivd
Oindy)sld

HOL3HAQ
JGIHUIHDIG JynDvivd
. puln)vivd
U349138 BIHLOD rHLnTADSUNG
- He N[ dUSUH
TAGY v
TIA Gl L 3R
Hydsuung
(11318) SY¥3ddid

HetbOLSAS=10
Hyvld

1IvsS whjaps «vdiu
JINS ANIHVIAHEIRIG (v dOH
svyid

Holnpviavy
uvad

HUBHAVEYD TAHLJH
Ny dlasuunyg
dddyg
U314 LIHID vadd)
Ya3Ulovddis
HeNOTHLND
JOLUUIHII0 Lvaoyivd
JAdvBYV)
NDIWLVHVd

ELEL]

Uwvr¢

1IVS INIHV IAHLZATO “UGml el

F0TUUIAIEA AVaRYEYd
UNVT39nva/ dnnLsvd

FAAyoltVI

271



cobocococoo

113
o4
00¢
311

Ug
e

ve
Ve

91

P13
131
08¢
(189

i
uet
i1
ogt
(3§93
ung
194
v95t
ait
nEZley

(=R
Fia N gl
[Calival

10479

ccoeceoo

fve
01¢
(¥1
16Ey
LTLAR

g9

-]
160762
gasey

w9
L2}
qe!l
[XF14
6i¢

[}
Fig
90t
[T IA ]

cocoococo

oo

18
n

coooC

SO o oDoeeeD oL OC

=

w
Kal

<

fPoococC

oo ocoRC

19276
6l51¥

acooo

LoD o o

cooocoecooCcoO

Gl
96441

coCcLC e

cCoOQOOCOoORC

g

[\ ¥
70¢
woe

4]
0

[ ==

8GE
51
0e
Sl

-

OCCO O DO D -
-

[23

(=N ~N N =

coococEcoC

J61
nyrel
5101w

NO o DOC

CCTo oo Qoo n

€509¢
DEDeg

coocooc

oo oocoOC

ocCco>o

0f
ot
04

yl

vesg
uog
Jlg

Ue
oY

oer
038
gvez
498
yIgeat

welfy

I FELY

oo O

cococooCccC

ccCcoD

9
6
3]
vé
43

2]
[
wai
LR
94¢

¥

dl

b

[¥4

be

06
E6e
Yinel
Guhel
CO0+<p

t0gsgce

CoCceT e

ag000
0E106
v650GD
60100
11506
11600
SEEDD
0€100
{(0p2s10)

65200
<0100
0£100
9E100
5B{00
{0005502

ogede
06e006
£gE00
c0L00
66200
Lopov o)

c0!100
65400
gavls
ee€00
oguoo
{opgwlio}

sub0e U
0ge06
50100
0ge00
6300
66000
£gLoo
0200
6t 00
31200
(00st10)

9£100

Gpe0o
(DpBELD)

£0500
(009210}

#9800
(21344
tce00
Yo¥Lo
c0i00
0ei00
(vpgcio)d

suioo

=002 TUdliAy .- =

UJLYIaN BILU cINV0ED INY - -
INIHGVKL] - =

TAYYHUYD - -

G3Lv13d dA0L0 fHAIMIVLIAIH = -
HOIHIwld it - -

301H0A TAHEAH = -

INV0E0 IHY - -

JUHIHDY IVEINLIAULS

Ny 4INS0UNS

JAyyudvy

INvUAH0 D

N1UJ 4040 IHY

406r{d8 NAHLAY
S3IUdIdmydss

03199y w31y fdanla0SUY
UaNbHOSIHY
JFAADHLIA
TAuvgtv)
Ny 43n50UN
HSyNOoS

TAHyBUV)
Holuivevd
0349736 ¥IMLE] cHoN]u0SUHd
N lniVHYyd ThAdddd
dohlaliddHd

HygNids

cLIVS ANV AR 30 svBWEI LA
U31v13d 43410 ‘d.h1yUsShitd
Thyvadv)
HetddSUNd
119S ANIavIANLIA]D ev@HYIIQ
HO T vuyd
TARORS 34
Ban(1545=1C
WOivivEyd Hhrlda
FLusldy
Houaaos

Wil a0ul g
A10tn0un Thdt 3
abltyuiving 1108

Tk d0ld
3014

NOEHIY = =

(21Svu) JLV¥H3ISHY UYIY - -
(QdyINViIS) Jl¥n3Sdv UVIT = -
1¥S N1V iAHLIR]0 ¢G-¥*E = =
TAYYEUN]) = =~

INVUHETIHAT - -
TONEHCG 1S3 WWILN3QIS 38

TAUVHUYD

2772



b
uy
ov

al
14
sl
v
X4
113
8z

ccoc

< C

4

og

s¢

98
G2t
vZs
vEEre
[y
0067¢
€024g
vy
lzseel
(% 2 AN RY
L2nrol

[tF4

ove
62
69%
sev*d
96
avers
G065}

N ~

[ 9
51
143
ov
02
(X3

91
(2]
ogv
9LE’S

6v}

[

F)

°]

vy

0zé
v00ey
rgol
GGEel
96d¢l
11¢°E
£0¢9y
[TA XN
vis9l
06969

9vs

A

8%

ve

€L
eivri
LYLRA
9615
19145}

cooco coooQooOoC co o

co.

o CNMOOC DOoOXCINOCOCOQO [~4

CcCoooood

-

(=R =1

(=10~ =gy =N = =2 =

(==l = =}

oo

~ Do O COMOoONeMmOoOOoC

NC OO REeO

<

-
uwh

c o

L=l i = =)

0

cCCOoOROooOo

b

0lsp

o<

[
1}
[

e
bd

<o

Zey

L LEAR!
gee
Ve

96

oo Ccn Om
o —

cooco

o<

<

¥4
ot
G

slueg
Wie
ptgre

DU g
foerg

v

A RN
beuEt
1tgegy

0¢

vig
[ ¥4
14N
I LEAR]
Ble
bepeo
LYeey

cocCococmnhocc N~

cocCoccC

o<

<

4

L

g

oy

Ul
116
Wyuseg
]
yolre
{iCE
0
D06e9|
yuvepl
volepy

01

22

by
£i¢
vineg
6Lyl
96148
urSey

(001U S$asuNosSay WILVH
futro TAuUHIL 3N
pyeuos 03L¥13Y udnlp ‘u-NiuOSUHd
0gnoLo ) H-nfuusUHg

(00ob1u) SNOTIHUILYA
euvoe 031y 3h UIHIY JL00pRYHSSUHY
01100 ’ NHOTHLHIAdOdUVD
b NOQTrvhdSUHY
v1E00 H=NUTHINY
c0100 TAbyuliv)
66¢0D Ny dINS0UH Y
10910 JALH0IHII0 LVNibVLva

(00@ei02 LAN1VH
0100 ANVUEU DY - .
cu100 ‘ JAdVESVD - -
Vot U0 HUIHLVbYa 1htlse - «
65ul0 HOTHIYUY g - -

(poL2140) oY ANDT UL IR
10410 JUTsUIHGIY Jyndviive - -
65€00 Ny 41§ GUtL - -

1rp99jo) VINKDA]OWD JO ALiSH3AIND
64006 U ) 1¥S ARFnVIAHLIRIG «¥BAVIiQ
6yu00 JIYS ANIAVIAHLIN]L «vBHYDLQ

C0QEVTD) . I
vywoe JIEVIIY Yatlp ‘h-niu0soHd
996L0G NOL3AA0
0Broo helilgdsuty
89c00 nolntl
10910 JUIBU IS0 pvabvevd
0100 TAUYELL
pitoud . peNglALlnY
gfioo - . RIHJIdanu i)
65009 pilviviva
v6€00 LGYHivBye Tanlin
sptoo o 30lwoye AAHldn
66200 Ny sHISOUNY
£g€00 TAn0R) 50
b6SU0 I AAdVALL

Loozgviod [IRA)
¢ElDD ) NIBD1dOYDTHD

0oesion) Biviud 133kS
68?10 UeJ(EavHANS

(ugoesiod d3nanng
pe€00 HOLIHLIVEYJ THAML3H
10910 30180 MIT0 LVnovevd
oql00 HGIHLYUYd
65600 NY 3 INSUUNA
s0100 TAYYdlvD
£8EQ0 MANDHLIN
ginno Jrydory

L005510) 1.43dyvuns

273



ue

991

Zol

0gy

GGl ‘E
11272
SiS*d
{3 N
902
1z19
68171

[N

F4)
95¢
g0y
2]
b2y

[ X224
1341
1%07y
[4 284
66t vl

20¢

[\]
u
]
1]

(¥X4

g
0geet
1]

o

counNnooomn Do oo o

oo

CTOOOOD OO oS

oce

co O

(==

1}

L~

ocC

991

cii

0se

clyre
t1z<z
“454;
ISeeg
956¢¢
L5y
1] B

[-X -

g

(4]

11Y4
90y
(A%
620
tyleg
Hlceg
(X4 1
[SYAPE
1) ¢y

(=R

99500
<geo0o0
fogio
V0800
9E900
46800
65400
98200
10800
0€Co0
20800
94000
(002UE0)

ocloo
92900

eoivo

HO L IH3Q

A01HOHE TANL AW
J0T8UTHITIA yvabvBud
IS AL ey

Gav¢
NOITHLOHYd TAdE3N
HOTHYaYd

LIVE INIA¥ L3l 0 «vdoH

HE3) S1IVS INInvIonyATY ellateg
HepNDLISAS-HU

LIV¥S 3INIHVIANLIAJO ¢O-02

o 31 vHlHd

3y aB0td
AdfHastHd INI2

3011530 NoBuvD

1V UM

274



—

APPENDIX G

EMISSION CALCULATION DATA AND EXAMPLES

275



—

276

'pajew}1se saunssaud Jodep ()
1 L3UpUO | 0z (e) 4.01 X 1 8°E6E 404i1eLa
1 --- 02 p-01 X 8772 £'85¢2 U033
1 === 02 g-0T X 272 ALTA 83e| }ZUsqo40 [Y)
1 --- 52 0T X 1 860 3URPUOLY)
1 .- 02 0L X € 6"2vE uoyjousydogue)
1 ~=- €€ g-0T X 2 £°122 ueanioque)
1 abde G2 01 X ¥ 2'10¢ |Adeqae)
- wnj4ajoeg -~ CICIVIRLELY mee a1
I - 02 p-0T X T AN Y-upaplg
I — 02 ;01 X L 2'c2e ¥-=ULIpozy
1 --- 02 500 X £'061 queOLPLY
1 -=- ve g-01 ¥ L'1 2 €8Il ajeydaoy
S3ATOILO3SNI
3oua  punodwo) (20) (BH ww) 1YBLam punodwog
-4848Y  90UBU843Y adnjedadwa)  a4nssadd Jodep  AR{NII|OY apLol1sad

SBPLO}3SBd 40 S34NSSAAY Jodep

1-9 374vl



"pajewL)se

saunssadd Jodep (e)

2 --- 02 ;01 X 22 £ /18 uo LY3INg
1 --- 02 p-0T X 9°€ L'961 ¥~ lepunyg
1 .- -- alqLbi(BaN £°122 9p L0 Y204pAY
9leuelauLioy
1 - G2 g-01 X §°1 '8¢ uoty23
I o G¢ g-0T X 1 6907 uey|nsopu3i
I me 0z 901 ¥ 8°L §r 162 ¥-x01Ag
I --e 52 ¢ 01 X (8°T 9' 08¢ y-uegsng
1 e 02 p-01 X 871 v vL2 y~u01sAsiq
1 HoLyye| ey G2 (e) g-01 X 1 5961 uotyiexotq
1 e 57 g-01 % 4°8 2'622 CREDTR TN
1 e G2 [ 01 ¥ 8L 6°08¢ UiApiota
1 e 02 p-01 X ¥71 £ v0¢ uoutzetq
S3QIDILD3ISNI
aojua  punoduo) (20) (BH uny) NI punodwo?)
-4843Y  9JU3J3}3Y adnjesadwsaj 9Jnssadd Jodep AR NII|OK apL21159d

{panutjuol) 1-9 3igvl

277




"pojew31sd saunssaud Jdodep (e)

1 .= 02 y-01 X ¥'8 ' 092 a3e40yd

1 - 02 -0l X 8L’ £°162 uotyjedsed

I == 62 (e) , 00X T §'09¢ 23 LUWY

T --- 0¢ 01 X2 8' 08¢ paLeN

1 --- 07 ;01 X 2 £'ve2 Y-Ue3sadoy

1 .- 0¢ 0L X € ' 171 =403 pUOH

I - 02 g-0T X L76 2°€9¢2 uoryjeded [Aylep

I 140 02 ~ (®) PRUS A LG 40 YoAxoy3aN

1 o= G2 -0 X § 2291 {Auoy 3oy

I §=X07}8AseIBY 0¢ (e) g-0F X L7V £°092 y-x01sAseray

1 - 0¢ -0 X ¥ LA uotLyje|ey

1 | 100 02 (e) 01 X L9 G'0.L€ y-aueyl (9

1 e 0§ g0 X 1 £ L1 y-uepiul
~ (panutLiuo))
$30IITLOISNI

mm:m punodwo?) (20) (6H wu) 1y6LoM punoduo)

-48)3Y  9oUBUD4IY adnjedadws|  24nssadg Jodep L@ NO3| O _ IpLO11S9d

(panui3uod) 1-9 378vL

278



279

*pajewl}se saunssaad sodep (e)
I --- 001 (®) ,.01 %8 1°192 | 1oBWOUg
1 uodnut b2 () .01 X §'T 1°6b2 uequeg
1 0§ ¢-01 X 68°€  £'GEE y-ue|eg
1 { Awexq 52 (®) ,01 X €2 £ ¥0€ Y=Hg XopeAy
I 40{yoe|0318) 02 (®) .01 x €1 8°692 40ydely
SIAIIT9Y3H
I - 52 £°0 NS auaydexo]
I o 02 01-01 ¥ b2 0'95¢ o4 LpRAlD)
1 e 02 p-01 X 66°1 2°062 ddil
1 - 02 -0 X T £'20¢ y-aptoeddng
[ S e 31qifiL|haN 2°58¢ ued30 | d
i uop Lureydsoud 02 () .01 %1 1'vee Y-ulApsold
1 e - a1qibL(baN 8 L9¢ U0 | B50Yd
“{panuTIuogy
S3QIJILO3ISNI
8Ju3  punodwoy . (20) (B ww) 1ybLoM punodwo)
-1313Y  92U3434dY aanjedadwa]  24nssadd Jodep  JAe|Lnd3|OY 3p1313159d

(penuliuc)) 1-9 I7gvL

S



‘pajew}}sd saanssaud Jodep ()

b 11eS Bulwy a-¢‘2 8¢t o0t ¥ T 1'c62  3les autwelAyialg (aa-v*2)v
| 49157
¢ 42153 {fang g-¥'¢  87¥¢ () 40T X €V'8 (QAZY Loueyzakxoing (4a-v*2)v
X === 8"z 0T X €78 1°682 493153 143ng a-¥°¢
b - 8t op-0T ¥ 1 1°6¢2 Jles autuy a-y‘¢
£ uodejeq se awes 02 (e) 0°1 591 1105 wnipog uodejeq
auedouadoao{yn=-z*1
auedoadouo|Yyn-z
£ pLoy ojuotdosd 0z (e) 0°1 £Vt uode|eq
1 m=— 09 1'0 2ee ¥~ 1ey3oeq
1 --- 091 "0 17122 a-v‘e
T e 62 g-01 X 9°¢ ARAAS Y-x3G0)
1 - 62 ;01 X € L'E12 2dI0
1 - 02 0T X2 Breee 2300
1 --- 02 (e) ,.01 X G £ob a1e0UR}dQ | Luhxowoug
(ponuL3uo))
S3QID 18U
9ou?  punoduo) (20) (BH wu) 1YB oM punoduwio)
-43J3Y  90Ud4LY auntedadud) - 8Unssadd Jodep  ARLNO3|OY 3pLO11S3d

(penuizuo)) 1-9 I78YL

280



seunssaud Jodep (e)

‘pojeuwlysa .
aprwouoidoud

1 LS G2 g-01 X ¥ v°142 Fxcpwva-z.zﬁxxosamz-uvm.

9 --- -- 3LqbL1bay 291 YWSW

b 11es supuy g-$*z 8¢ (®) 01-0T ¥ 1 9°82¢ 3Les autwy [AUlswlg YdoW

I e 2 g-0 ¥ 671 1°6%2 UoANU L

1 e G2 g-01 X §°8 1°962 Y=gae)

I | tuedodd 09 (®) -0l X 1 2°6/L1 7d]

1 mo GE ¢-01 X p'E £'681 Y=weady

1 e 02 (e) g-01 X T 2981 | eyzopu3

9 it -- ajqibLibay o YSHG P

[aN]

T 270130y gasoulq 02 {®) 0T ¥ 272 G 0ve 49N

2 s ] PG AR 17682 uoAn (g

T : yninoados | G7 (v) \soﬂ X G CURCY piuwevaydig

6 J493s71 LAIng O-v°z  8°¥C (e) g-01 ¥ EV'8 1'29¢ 48257 |A3000S] (ga-v*2)v

~ vm:: L3uU0j . .
$30101843H
aoua  punoduo) - (20) (BH wuw) Jubiapm. punodiuo?)
-1949Y  92U343]3Y aunjesadwa]  a4hssauad Jodep 4B NI O} apLoL1s83d

(ponuliauej) 1-9 37gVYL



*pajeu}3sa- saJanssaad sodep (@)

1 - oY g-01 X 8 1°¥8¢ ¥=GZ-N0L
I ~-- 08 , 01 X 8'9 €602 y-uel |41
I e 0z g1 X 1°9  £'102 au L ZeulS
I - G2 0T ¥ 2°9 pUSTe Y~298N-0Y
I - 011 201 X 2 L1112 Y-podLey
T -=- o 01 X vl 912z auozedhd
I -~ 09 g-0T X 6 g1e L tuedodd
1 UiLean|Jusg 02 g-01 X 2 £ LYE Uj{ean|4odd
I wm 52 0T X T £°00€. ueyd |pauwuayg
1 UL LRI N 02 (e) PRUS v ove upezAag
1 - 52 0T X 9°§ €481 Y-weApdo
ULLeAREN
upleanidleyiuz 3uL|fueodllulg
1 uiledn]jusg 02 (8) ¢.01 X 1 £'0/2 =9°2=-1A1ng-3493-p~1AIng-09s~N
$301219Y3H
30U8 . punodwo) (20) (BH wu) 1ybLaM uc:oasmu
-4948Y  22usdaley aJnjesadws]  24hssadd 4odep 4B NOI|OY apLoL1sad

(panuliuol) 1-9 378V1

282



01 X1

‘pajew}3ss sadnssadd sodep (@)

T --- 02 9 1°902. aNdd
1 wesy) - (e) aiqtbBiibaN £°952 weqey
I qau}z -~ (e) a1qibt1beN £'59¢ qauey
1 -- -- () 31qLBL|BaN $°G/2 Y-8udUAg
1 ~=- -~ CICTEINRETY 1°6¥¢ Y-ue3e|04LQ
1 o= 0¥ 10°0 6592 L LUOLRYZOU0 YD
T Pll0gadRAAY 007 (B) (.01 ¥ 997/ £'5E2 ulxogue)
£ S ot 01 196 PLOY 2110G4R)
I = 6z g0l ¥ 1 9°00¢ uejde)
I e 02 g-01 ¥ 2°1 0°102 Y-ued10g
i - 21qLBLLBaN €' 062 | Auicuag
S3AT0I9NN
¢ e 07 60T X ¥ £°GE¢ Ubpedn|dtag
$3QID19Y3H
20us  punodwo) (90) (BY wuw) 1yB Lo punoduio)
-19}3Y  9Juaua}ay admedadwd)  aunssadd 4odep  UR[NIA|OH aplo131s3ad

(ponuijuel) 1-9 378Vl

283



'pojewl3}sa saunssadd Jodep (e)

1 SOJW}LR3ILG 02 /0T x I %S auou}oeydig
$30100.1N300Y
2 -—- 02 G'81 it Y-auo|a}
2 - 02 08€1 6'¥6 opLuoag | Ay3ay
I - 5¢ 1 6'.81 apLuwo4qlg dualAyly
1 --- 02 G¢ €11 BU4NIXLW Q-0
1 === 12 8'0° 9¢2 4040
2 “-- 02 6°91 b9l U401 d00 Y
$3A100 LVWaN
1 me- - alqLbiibay 8'50¢ wealz
1 mee == 91qLb}LbaN 8612 qau}z
1 wed Yyl -~ (e) @lqLBLibaN v°0LE Y-putsdo)
1 - 02 p-0T X 1 S Lye Y=2|0Z0443]
S3Q10I9NNS
goua  punodwo) (20) (BH ) JubLap punodwo)
~-4913Y  9OUB4DLDY adnyedadwaj  9anssadd s4odep  Jeinds ol apLoL1sad

(panutjuo)) 1~ I1dvl

284



*9] 110 0AUOU 8] 0} paWNSSe aJe JybLaM 4B|ND3|OU UMOUNUN JO SJ3WA|0d (O
*pajewl}ss saianssadd dodep

e

L 9jeleqad 0¢ N-oﬂ X0°'1 ' auiwejoueyialdl
SphaoLYyd
¢ - |Auoj | nsauazuag 99 (e} 0'1 L02 210UO04 | NSUB|AY WNLpOS
- (2) -- (e) aLqLbiibaN e mcmngwmxxoxpoa.ﬁocm;npx:oz
pLoy A33e4
- (2) - (e) alqibi|baN e 1NU020) 40 1|RS sutwelAyaaiq
[ousyd
3 = | Auaydoao Y3y 021 0°1 £*902 touayd| Auayd-p-040143-g
- (2) .- (e) atqLblbaN o 4833 susAyiakxokiod 1ANLY
SLNVANCOY
- o - i e 3les aujuy joueyisiq
g o e alqLbibey S apLZRAPAY Do ey
- e m (v) 2iqibLiBay 9pe sulLll@4eqqiy
- e -- (e) alqibi1baN 1'19 uoyday3 3
SYOLY N9 I
H1MOYD INVd
9Jua  punodwo) (20) (BH waw) 3ybLap punodwo)
-4949Y  9OU4343Y aanjedadwal  auanssaud aodep  Je|hoa|oy aplot1sad

(panuijuol) 1-9 318Vl

285



3| L3R {0AUOU 3]

01 pauinsse a4 JubLam Je(noajow UMOW
*S97RWL]SS JYSLaM LB|NOB oW U0) B4R

un 40 SJawA|od (9)
$30UdUB4DJ4 BWOS nw

pajeuLlse saunssaad Jodep (e
- --= -~ alqLbL16aN -=- Louerdng
L === 0¢ Z'0 ¢'e01 sulwelu3auaiAylatg
(9) 8 ‘6 .- 02 ¢-01 X8 00¢ '®2 L}0 L3s3Ld
£ m— 12 0'1 17001 Louexayo |94
€ ajede3ng [Aulel  9°6¢ (e) 0'¥ 1°98 U030 04A1Ng
SINITQFYONI
JINYDY0 LHINI
9 YWSH -- (e) alqibrLBaN 091 a3e{Apooe) WNLposg
I uep pydy L2 g-01 X §°1 G862 ¥-xal04
1 §~X0}sAselal 0¢ @foﬁ X § G P1E ueL1043(-410
9 YISH " {e) a1qLBL|BaN 8e1l pLoy 2} [Ap0d®)
SINYIT043d
- (2) .- (e) a1qLBtheN - JaWAL0d LAULA
SINVANCAY
aous  punoduo) (Do) (BH uw) b Loy punoduio)
-4848Y  92UB4D4IY aunjedadue)  aunssadd Jodep  JRINODLOW apLEo1159d

(penuiliuo)d) 1-9 I1gvYl

286



.mmumEh.a..mm ur_m_.mz Je|hda{ol 404 @Je S3adUBJE}SJd 3WOS Anv
*pajew}3se saunssadd Jdodep (e)

(9) 21 3ueld0

‘6 'g ‘c ‘suejdsy ‘aua|AY 0z (e) =2 g0 'BD JUBA|O0S WN3|0439d DLIeWOJAY

| SIINVIOYO JITLIHINASNON
£ .= G oY 2°901 aus | Ay
L ke 0¢ 22 1°26 ausn|o)
- o= 02 (e} 2 0£1 SIABUT [edjuyday
L - 02 2'0 1°6/ 102419 aua|Adoug
/ - .o 9|qLbL | Bay e utjdeded
L S 02 L°8 1°98 auo3ay {A3nqosy [Aylal
L e 0¢ 2'9 1764 aAL0S0| 3] [Aylal
L i 04 at 1°09 [ouedoudos]
/ S 07 60 1°/9 100416 Bua|Ayl3
- e - alqLbL|Bay = B4 LS NG

(psnuiiuo))

SINIIQIUINI

JINVIYO LY3INI

gous  punodwo) (20) (bH wu) 3ybLap punodwo)

-J349Y  9dUsUD4NY adnjedadwa)  adnssadd Jodep  JRLNI3|OK 3pLo13Sa4

(panutjuo)) 1-9 34Vl

287



*593RWL1SD JYBLOM AR NOBLOU 40} B4R S3IUBUSIOI auos (4)
*pojeuw}]se saanssadd sodep (e)

aue3dQ
(9) ‘aueyday SIUBALOS
21 ‘6 ‘¢ ‘aus Ay 0z (®) v'2 goT "eo olewoy dbury sud LAY
() 21 ‘e == 07 0°9 901 | aua [AX
, (q) 21 aues020(Q paly
11 ‘6 ‘¢ URS0D L BUBH 02 Amv‘m-oﬁ X 6'/ - 062 ‘BD  =LSSELOUn ‘Ll Wn®l0433d
(9) 21 3UBS0D L AUBH |
‘11 '6 ‘¢ aueroapeUsoN 02 (e) ¢|oH X 6'Q GlZ ted SUOQURDOUPAH WN3 | 04394
. (9) . aURIIPO( Jl1ewody
21 '6 ‘¢ auedapuay 0¢ (e) 220 291 '®d *370||11SLQ WN3|0439d
(9) auedapo(
21 '6 ‘¢ SURD3IPUBY 02 () 22°0 291 "ed $93e | [L3SLQ WN3| 04184
(9) 21 aurs020( :
"11 ‘6 ‘¢ Bues0d L BUBY 02 (®) .01 X 67/ 962 "©d (L0 LBJBULW
, (panu L3uo))
SOINV9Y0 OILIHLINASNON
aoua  punodwor (2g) (BH ) UG LaM punodwo)
-48943Y  90U3UB}IY adnjedadus}  9unssadg sodep  JUB|NOD|OK opL2}15ad

(panuliuoc)) 1-Y 378V)

288



10.

11.

12,

REFERENCES TO VAPOR PRESSURE AND MOLECULAR
WEIGHT CITATIONS

Martin, H. and C. R. Werthing (eds.). 1977. Pesticide Manual, 5th
edition, British Cror Protection Council. o '

Spencer, W. 1976. “Vaper Pressure and Vaper Losses of Benchmark
Pesticides," A Literature Survey of Benchmark Pesticides, EPA Contract
68-01-2889, The Georgsz Wasnington university Medical Center, Washington,
D.C. '

Handbook of Chemistry and Physics. 1956. Chemical Rubber Publishing
Co., Cleveland, Ohic.

Que Hee, S. S. and R. G. Sutherland. 1974, "“Velatilization of Various
Esters and Salts of 2,4-D." Weed Seci., 22:313-318.

Mamaker, J. W. and K. C. Ker!inger} 1969, “Vapor Pressure of Pesticides.
Pesticidal Formulations Reszarch-Physical and Colleidal Chemical Aspects,”
Advan. Chem., 86:39-54. :

Lewis, R. G. and R. E. Lee, Jr. 1876, "Air Pollution from Pesticides:
Sources, Occurence, and Dispersion.” Air Pollution from Pesticides and
Agricultural Processes, CRC Press, Cleveland, Onio, pp. 5-50.

Verschueren, K. 1977. Handbook of Envirenmental Data on Organic Chem-
icals, Van Nostrand Reinhold Co., New York.

Crafts, A. S. and W. Robbins. 1962. Weed Control, 3rd edition, McGraw-Hi1T1,
New York.

Maxwell, J. B. and L. S. Bonnell. 1957, "Derivation and Precision of a
New Vapor Pressure Correlation for Petroleum Hydrocarbons," Indust. Engr.
Chem., 49:1187-1196.

Pesticide Registration Master Label File. 1976, California Department of
Food and Agriculture. S

Riehl, L. A. 1869. Advances Relevant to Narrow-Range Spray 0ils for

i

Citrus Pest Control, Proceedings of the First Int'l. Citrus Symp., Vol. 2,
University of Californiz, Riverside, pp. 897-807 :

Fiero, G. W. 1960, "Use of Petroleum as Pesticides,” Petroleum Prodﬁcts
Handbook, McGraw-Hi11, New York.

289



SAMPLE EMISSION CALCULATIONS

Calculation methods with final results and tables of intermediate values
are shown for one insecticide and one herbicide for estimated hydrocarbon
emissions from Fresno County applications in 1976.

The methods follow procedures described in Section 7.2.1.

Example 1: Acephate, An Insecticide

Acephate: Molecular Weight = 183.2
Vapor Pressure = 1.7 X 1078 mm Hg at 24°C
Water: Molecular Weight = 18.0

Vapor Pressure = 23.38 mm Hg at 24°¢
Values obtained in the calculations are entered in Table G-2.
1. Calculation of Maximum Emission Rate (Ep).

Ep is calculated from Equation 7-1,

(Eq. 7-1)

Ep for an insecticide equals 0.73 x the water evaporation rate.
Water evaporation was 14.71 inches in July, 1976. One inch of

water over one acre equals 226,600 pounds; therefore,
Ep = 0.73 % 14.71 x 226,600

Average relative humidity (R.H.) in July was 44 percent. Substi-

tuting these values in Equation 7-1 above,

_0.73(18.71)(226,600) . 1.7 x 107°(183.1)*

£ X
1- .44 23.38(18)%

P
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£ -6
P

E
P

4,345,176 x .23195 x 10

1.01 1bs/acre/month in July

Ep values for other months were caTcuiatéd_in-the same way with
appropriate relative humidity and water evaporation values.
Calculation of Evaporation During Application.

The vapor pressure (V.P.} of acephate at 20%¢ was calculated from

the following presumed relationship:

V.p. water 20° _ V.P. acephate 20°
V.P. water 240 V.P. acephate 240

From this proportionality.

17.535
23.38

6 -6

V.P. of acephate (20°) = x 1.7 x 1077 = 1.33 x 10 ~ mm Hg

The log of acephate V.P. = log (1.33 x 10‘6) = -5.876. The July

~ temperature in Fresno County was 26.3°C. The acephate applied in
July was 69 pounds (A in Table G-2). Placing these values in
Equation 6-28 where A' equals the amount of pesticide deposited on

soil or other surfacas, we have:

A" = 69 - 69[(4.525)(~5.876 + 7)(.0024)(26.3) 01]

Al

]

69 - 5.95 = £3.05

Evaporation during application = A - A' and for the July application

of acephate:

A - A" =69 - 63.05 = 5.95 1bs.
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3. Calculation of Estimate of Pesticide Removed by Sorption and
Biodegradation Buring Month of Application.

Since the vapér prassure of acephate is Tess than 1.0 mm Hg and it
is not kncwn tz £z highly persistent nor in a rapidly biodegradable
category, zdsurpiion and biodegradation are each calculated as 2

v

percent of thz smount of acephate depesited (A ).

Where A" is thne amount of pesticide available for emission from the

surface deposit:
A" = AT« (D2A - (02A°F
and using the vatlue above for A%,

A" = 63 - (.02)63 - (.02)63

x>
1

60.48

4, Calculation of Emissions During the Month of Pesticide Application
Values for A", A n‘ﬁ”g A", A"/zcre, and Ep were calculated for each
month of acephztz zpriication and entered in Table G-2. Because
the maximum evaporation rate, Ep, is greater than A"/acre for July,
August, and September, A"/acre x acres is the emission from deposited
pesticide for thess months and there {s no carryover to the fol-
Towing months. Since &"/acre for @ﬁt@ber was larger than Ep, the
emission for @étQEET was Ep % acres of application in that month and
there was a carryover of unevaporated pesticide into Novehber.

5. Calculation of Carryover of Pesticide Mot Evaporated During the
Month of Applicztion.

The pesticide carryover per acre is {(A"/acre = Ep) for the first

month of carrycver, or for acephate carryover from October,



(1.14 - .569) = .571 1bs/acre. This is again larger than the Ep for
November of .478 1bs/acre, so therelis a further carryover. Carryover
.after the first time is equal to (the previous carryover - Ep) 0.98.
Multiplying by 0.98 gives a value of 2 percent smaller to account
for the biodegradation loss of 2 percent per month. The carryover
of .091 lbs/acre to December was smaller than Ep” and therefore
represents the emission rate for the month. The total pounds of
emission from carryover equals the pounds of emission per acre in
any month times the acres under the month it was appiied, in this
case the 908 acres in October.

6. Calculation of Total Monthly Emissions.
To%tal monthly Emission is the sum of carryover emissions times
acres, emissions/acre x acre (for the month of app]icdtion) and the

emission during applicatien listed in Table G-2.

Example 2: CIPC, An Herbicide

CIPC: Molecular Weight = 213.7
Vapor Pressure = 3 X 1077 m Hg at 25%¢
Water: Molecular Weight = 18.0
Vapor Pressure = 23,756 mm Hg at 25°¢
Values obtained in the cailculation are entered in Table G-3.
1. Calculation o‘F.Ep (Maximum Evaporation Rate).
Ep for herbicidé is 0.40 x water evaporation rate. Water evaporation

was 10.81 inches in May, 1976, and relative humidity was 44 percent,

By substitution of these values in Equation 7-1, we obtain:
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E = (.40)(10.81)(226,600) 3 x 10 "(213. 7
p 1= L44) 23 7§él 55;

E = 1,749,878.7 x .4344 x 10
P

E = J.0787 "nidoore/mentn In May
P

2. Calculation of = szcretion During Application.

The vapor pressw-z V. 5.} of CIPC at 20°C was calculated from the
following presumec relationship:

V.P. water 20° _ v.P. cIpc 20°
V.P. watar 250 V.P. CIPC 250

7.235 | - -7 -7

V.P. of CIPC (207" %3-73-w 3% 1077 =2 2,21 x 107 mm Hg
The log of CIFC V.P. = log (2.2 x 1077y = .3424 - 7 = -6.658. The

Fresno May tempsrature was 20.9°C. The CIPC applied in May was 872
pounds (under A -y Table G-3). Placing these values in Equation

6-28 where A' eguals the amount of pesticide deposited, we have:

A' = 872 - 872!14.525)(-5.658 + 7)(n0024)(2@a9)2(.01{}
|-
A' = 872 - 14.48 = 857.52

_Evaporation during application = A = A' and for the May application

~of CIPC:
A~ 20 = 872 - 857.5 = 14,5 Ibs

3. Calculation of Estimatz of Pesticide Removed by Sorpticn and
Biodegradation During Month of Application.

Since the vapor —rassuve of CIPC is less than 1.0 mm Hg and it s

1$3]

[’1

not highly persisient noar rapidly biodegradable, 2 percent is sub-

tracted for adzorptier and 2 percent is subtracted for bicdegradation
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from the pounds of CIPC deposited (A'). Where A" is the amount of

pesticide remaining zvailable for emission from the surface deposit:

Substituting the valuz of A' above,

Calculation of Emissions During the Month of Pesticide Application.
Values for &'. A - A', A", A"/acre, and Ep were calculated for each
month of CIPC application and entered in Table G-3. Because the
A"/acre.in May is greater than the maximum evaporation rate (Ep}

for that month, there is a carryover of CIPC to the next month. The
emission from znclication during May was calculated as emission/acre
x the acres in that appiication or (.0762)(168) = 12.6 1bs. Calcu-
lations were madz in the same way for the other two months in

which CIPC was applied and thers was also a carryover of unevapo-
rated pesticide from those applications.

Calculation of Carrvover of Pesticide Not Evaporated During the
Month of Appiication,

o

The pesticide carrycver per acre is (A"/acre - ED) for the first
month of carryover, or far CIPC carryover from May, (4.96 - .0762) =
4.884 1bs/acre. Tris again is larger than the ED for June of .0835

1bs/acre, so there i

7
m

further carryover. Carryover after the first
time is egqual to [the previous carryover - Ep) 0.98. Multiplying
by 0.98 gives a vzlus 2 percent smallar to zccount for the biodegra-

dation loss of 7 percent per morth. The carryover to July and

i

subsequent months was in each case larger than Ep for each month.
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The carryover was continued for each month until December, 1976,
and then carrybver from December was brdught to January, 1976, and
calculations continued for & total of 12 menths. The carryover
from December back to January was done on the assumption that the
application in 1975 would have been similar to the 1976 app1icat{on
and emissions would continue throughout the year. Carryover from
November and December was treated in the.same way as carryover

from May. Carryover was carried to 12 months for each month of
application. The emission for each month that there was carryover
is equal to Ep for that month times the acres treated in the month
of application. For example, from the carryover ta January of
3.796 1bs. from the May appiication, the emission equals .0278 X
166 = 4.6 1bs.

Calculation of Toté? Monthly Emissions.

The total emissions for eacn month was equal to the sum of carryover
emissions, emissions per acre X acres, andbemission during applica-

tion.
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APPENDIX B

1976 MONTHLY DISTRIBUTION OF PESTICIDRE EMISSIONS

IN FRESNO COUNTY



TABLZ H-l. 1676 MONTALY CISTRIBUTION OF EMISSIONS ASSQCIATID WITH SYNTHETIC ORGANIC PESTICIDE PROQUCTS FOR
. ACQEAGE APOLICATION [N FRESHQ COUNTY (L3S.); (RC = REACTIVITY CLASS); THE UPPER NUMBER IN ANNUAL
TATAL 1S L3S.: THE LOWER NUMBER IN {) IS PERCINT JF SOUNDS APPLIED.

ANNUAL
CREMICALS 20 JAN 7z8 MAR APR HAY JUN JUL AUG SEP 0CcT oV DEC  TQTAL
INSECTICIDES

Chloraane 3 733 7208 52765 e 2507 73928
(97}

Cnlorbenzilate  2{?) 113 113 328 754
(96)

Jieldrin 3 13 290 183 34 36 4q 30 1Q 2 37 22 10 837
(84)

Endosulfan 2 203 355 2346 L4107 23310 368% 2915 2171 1 54604
198)

Kelthane-R L 3 ) 5 330 5817 28363 11158 19442 - 2307 244 &0 3 9907?
(88

“arngxyeniar 3 2288 1541 2487 181 152 528 216 31 0 19864
(95)

Tatraaifon k! 3 bl bl a
Toxaghene 3 1882 227 1224 45259 76061 55136 18797 1288 12 371 209845
{100)

Acashate 3 36 124 5291 364 123 33 5551
(96)

Azocarin-R 3 34 2735 19620 14835 218 2 43286
(95)

3idrin-R 2 171 123 3878 1310 2170 1227 19 3096
(97)

Carbopnenathicn 3 2 2 18 47 240 138 313 393 39 3 3 2 2110
(98)

| Cemeton-!{ 3 11 12 18 39 350 73 2398 1330
©(97)

Sialifor 2 162 10527 10388 549 3 21727
(92}

I 273zinon 3 3010 3950 £218 08735 14125 1302 1739 8215 3793 i 711 2613 5685?
(e

2imsthgate 3 32 343 27041 32241 15143 1163 2792 s32 18 37 182478
(96)

Jiexathian 3 1483 172 1633
(986)

Jisvstan-R t 18237 1178 ] 293 1725 225 19667
(36)

Sursban-R k| 1050 5342 1532 5Q7 3131
(97)

Ay Tgx=2 3 1403 1298 3388 1508 7597
{96)

Sthign 3 1339 4382 7373 3830 247 39 l?ZS?
(28

Guthion k! 23 7038 732 2302 1071 687 11756
‘ (96}

Imidan-R 3341 149 5127 2616 1117 1251 3130 1614 15753
(94)

Maiathion 3 35 31l 135 £342 3235 2377 1961 24130 ) 44596
(96)

Metasysicx 3 25 143 154 361 2594 7384 2768 50 291 9281
(95)

Methyl Para- 3 37 1 1811 8720 1325 2001 3461 11832 4132 327 24 130 33772
thiogn ‘ . (96)
Monitor-R 3 13 5110 25029 132 209 30553
(37)

Nalad 3 226 EGE] 1334 24829 34511 5130 138 i3 5?49%
‘ (97}

Parathion 35449 10639 3143 3818 7147 5181 3378 7035 0 9654 2292 21 1375 7%58?
(96

Fhorate 3 2807 16535 10172 32113 3721 73 1339 1830 1311 161 78 183 6?91?
. 96
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TABLE H-1. CONTINUED
ANNUAL
CHEMICALS RC JAN 23 440 ARR MAY JUN JUL AUG SEP oCT NQY DEC  ~0TAL
INSECTICIDES
[Continued)
Phosdrin-R 3 254 773 1473 231 2161 154 2489 1523 3496 3367 2515 156 25753
| \56)
Supracide-R 3 190 33 3 40 1673 3638 2220 12489 770 300 102 132 2?336
136
TEPP 3 493 058 13470 2330 28571
{97}
Aldicard 3 1118 268 1429 16714 1903 14 22741
. (97)
Carbary! 3 L2854 32% 3893 5223 15256 20236 3332 96 241 38 53390
(26
Carnofuran 3 131 2012 1z £27 . 22 2895
(96)
Methyomyl 3 T2t 1290 1572 3180 28702 23590 1150% 5573 2667 29 33392
. {969
Morestan-R 2(2) 27 313 346
(36)
Fundal-R 3 1138 378 13252 40321 1051 55800
(37}
Omite 3 104 35 7249 18307 194449 36504 385 1935 329488
‘ag)
§UETOTAL: 14370 25390 110847 24501 132749 282057 358936 4135602 EYARe 17392 3810 3895 17333906
HERZICIDES
4(2,4=08) Gut- 3 7 142 148
axyathanol (83}
Ester
2,40 3 1267 1487 237 507 1392 4Q9 pR:14 858?
uy
2,4-0 Amine 3 111 20879 41279 74 154 702 1104 54303
Salt (68)
2,4-0 3utyl 3 2197 2167
Ester , (69)
4{2,4-08) 01- 329 181 210
methylamine (69}
Sale
4(2,4-08) Iso- 3 414 153 676 344 174 172 2718
octyl (68)
MCPA Dimathyla 3 2506 3830 6156
amine Sait {83;
Alachlor 3 1359 1358
) {36)
Diohenamid 3 1z 192 173 208 292 321 397 383 218 215 176 34 2887
134)
Kerb-R 3 655 131 1178 480 2474
(986)
2(¢-NapthOXY) 2(7)7084 2797 245 12 731 254 364 11497
RN NaDiethyl 136)
Propionamide
Propanit 3 1878 26647 3967 36292
97
Ramrod-R 3 1563 1663
(97)
3alan=} 1 1375 338 320 z2i 754 678 1436 1627 344 7750
(96)
Cabex~R 2(?) 140 21 161
. (96)
Trifluralin 1 3431 2089 BN 83138 3988 1544 312 10 13 28258 4085 3557 37673
(96)
Simazine 1 i6 Z3 29 i2 15 30 32 ca 19 a3 27 13 445
(2)




TABLE H-l. CONTINUED
e . - ' '  ANNUAL
CHEMICALS 3 JAN FE3 AR APR MaY SUN JUL A4 SEP cT NOY DEC_ 10T
HEXBICIDES
Continued:
Diuran 3 431 797 783 315 1286 1477 1752 1396 1334 ¥31 781 397 12587%
(27}
Linuren 3 77 141 ’ o218
(96)
Jromacii 1 3 ) 35 344 1181 83 1645
(96)
dyrazons 3 2153 01 299 322 349 3517
(98)
Z,2-0ichlora-~ 2 217 239 26 31 ) 512
sropianic Acid (986)
Zalapen, Sad- 2 443 344 233 1373 27638 123 183 3513
fum Salt ' (96)
Sacthal=R 2 9878 3i8 14975 3632 1340 1602 7008 2063 2766 35043
- - s '\T (96)
: ;ggsﬁ,) 2(2)6073 2298 2730 1342 2523 82 373 (49713 58426 . 398 196 5271 138644
N gt . T SO ) (97)
Avadex 3W-2 3183 R 193
L (94)
Sarban 3 o219 1218 313 o ‘ 240 1895
) ot .- / (95)
COEC 2(7} 352 852
(97)
cIpc 2(?) 1l = 19 22 47 i3 43 ie 34 23 19 11 322
(20!
Zptam-R 2(7?) 388 750 2545 150 1063 374 5459
(96)
2 > 39 243 313 338 345 533 Ta3 292 34 g 15 3441
(89)
Jrdram-R 3 1779 361 528 2788
- (97)
Ag-iest-A 3 3412 17 3529
(96)
Titlam=R 3 015 9018
(97)
N-Sec-3utyl- 3 210 210
1-Tert-3utyl- {96)
2,80
Cryzaiin 30 2 2 3 1 : g 3 1 3 2 i 36
(2)
rofluralin 2(7) 132 132 33 497 370
. (96)
Taik-23-R 207) 384 . 752 1546
(96)
Tnaothal k} 48 132 277 211 387 73 1317 3627 7660 133 1?33%
96)
Bromaxynil 1B 472 738 521 183 165 27 5 2470
dctangate (41)
SUBTOTAL: 32347 43093 48753 21467 <0001 34037 10§4e  IUTLS 74196 20083 13441 18U36 435381
FUNGICIOES
Jotran-R k! 28 37 112 139 2535 202t 443§ 2924 157 133 13148
(95)
rhlaretialonil 207 53 730 26132 28322 43201 1329 313 l1939§
{97
PCNS 207 238 1226 118 2578
(36)
Carpoxin 3 72 38 260
{97}
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TABLE Hel. CONTINUED

i - ANNUAL
CHEMICALS AT IAN FI5 543 PR CAY JUN JuL 206 SEP ocT NOv JEC TOTAL
FUNGICIDES
(Continued
Captan 3 15642 1Ty 381 223 7694 4005 23200 28916 4636 3?92%
fan
Tarrazole=R 3 . WG iug 141 489
. (36)
Carbolic Agid 2(?) . 25 382 710 1578 283 23804
i (98]
SUBTOTAL: 33 1773 o] e 2740 37171 48099 1507 33139 5471 133 219770%
NEMATOCIDES
Chloropicrin 11132 ' 13TE 393 33220 k! 23321 7872 363 36079
1100)
JBCP 207?) 201 5139 3358 1297 103 532 12940 77162 13738 141329
100}
=0 “Mxture 3 333 15951 35 3101 : 30082 110133
{100;
Talonae~R 3 5760 22129 68430 97319
' 1100
Tthylene Ji- 1 3693 1533
sremide ' ] (100}
Matnyl 3romide 1 9222 3263 25361 4132 64741 374 18522 13208 3140 181613
i (100!
SUBTOTAL: 14580 16252 13514 3282¢ 3572 101062 177 71943 30634 28777 109394 102155 £(Cl&d
ADJUVANTS )
2-Chlorg-d- 2N 32 138 R 27 147
Phenylnhenal 7]
Sodium Aylene- 2(?) 21 J 1 37 700 s 31 31 1640 143 2254
‘sulfonate a7y
Triethano« 2(?7) 37 47 37 259 54 1086 2507 217 3339
lamine i34
SUSTOTAL: 53 1 34 187 818 365 214 147 360 3024
JEFOLIANTS
CEF 3 Te
117868 155438 1542 274894
{36;
Folax- ‘ - '
olax-r 327 36326 97357 - 1440 134393
(96)
SUBTOTAL: 279 203194 2328485 23982 45329
TOTAL: 61988 98508 125300 151127 186155 3154547 515674 515032 138504 373590 138129 127097 350474
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1876 MONTHLY JISTRIBUTTON
NONACREAGE APPLIC
AMNUAL TJTAL I3 LES.; THE

N

LOWER MUMBER I <

OF E¥ISSIONS ASSQCIATED WITH SYNTHETIC ORGANIC PESTICIDE PRODUCTS FOR
FRESNQ COUNTY /L3S.:; [RC = RTACTIVITY CLASS); THE UPPER NUMBER IN
IS PERCENT GF POUNDS APPLIED.

AR

JUL

NOV

ANNUAL
TOTAL

Chlordane
Indasul fan
Heptachlar
Siazinon
Dursban=R
fenthion

Matathion

Methyl 2ara~
thian

Nalad
Paratnion
Phorata
Bavgan-R
Caraary!
“mite

Amines, ATi-
nhatic

Carton Tetra=-
cnioride
Caroon Oisul-
fide

tthylane
Oichlcgride

HEASICINES
MCPA, Isooctyl
fster

2,4-3 Amine
‘Sait

4{2,5-08) But-
axyethanol
Ester

Diuren

HMenuron
Amizrol
Atrazine
3ramaci!

Praometone~R

o

(%Y

w
i
N

~1

w

Ca

r—

s

o

w

ey

[}

3889

Iy
=~
[N

i
03

7

133

13

217

~4
L)

~

e
n~y

[

L.

(X

3184

5800

35

"~y
-4

(]

oo
[

e
oy

~1
—

m

Ny
~1

2670

118

149

236

345

1213

403

35300

26723

35847%

1774

© 1093

(96)

163
(96)

1080
(96)

403g
(36)

1853
(96)

175
(¢8)

(38)

491,
(98)

739
(96
3851
(96)
2367
(96

2784
(96
997
(9¢)
144
(95
594
(96
546
(36
229
(56
127}
(96

12
{95
(96

99
(96

3445
(96

1124
(98

(36
2284
(6]
282(
(36
914
196"




TABLE H-2. CONTINUED

ANNUAL
CHEMICALS RC JAN FEB PER AFR VIAY JUN LAUL AUG SeP 3T NQOV JEc  TOTAL
HERBICIDES '
Continued
Simazine 1 637 537 33 130 24 39 12 347 157 378 1131 459 ?32?
96
Dalapon, 1 <3 57 11 121
Sedium (98)
Salt
Fenac 1 Ex) 86 342 971
: (96}
2,3,6-TBA, 2(?) 411 74 74 359
Dimethylamine (96)
Salt
Dichlabanil 2¢7) 140G 22 16 3 36 40 282
) 196)
Diphenamid 2(7) 113 140 6 19 332 18 22 79 1927
. 96)
Bromoxynil 2(7) 1 24 189 570 210 771 107 20 22 1924
Octancate (96)
1-(5-Tert- 2(7) 389 1139 5 i §3 146 1736 11 3558
Butyl-1,3,4- ' (36
Thiadiaz : _
SUBTOTAL: 2097 1227 735 1810 341 735 893 1530 1171 4766 3215 327 25447
FUNGICIDES
Benemy1 3 Wl 83 173 130 125 11 36 39 53 130 33
. : (96)
gatran-R 1 122 .32 204
(36)
Roue! da=daR 1 777 1017 1020 3350 1862 621 a2t 1209 389 1041 3307
o : 136)
PCNB 2(?) 291 291
(96)
Caotan 3 251 a1 352
(36)
Thiabenda- 3 15 125 1 . 34 176
zale-R (986)
Sec-3utyl- 2(?)2110 1268 249 317 345 2428 7915
amine (s6)
SUBTOTAL: ) 2902 11 3056 1138 1762 1822 832 717 1319 12987 3599 18803
INEMATOCIDES
Methyl Zromide 17229 10714 4909 4457 4585 3518 42€4 2719 2604 9970 12712 4127 74801
(96)
A

TOTAL: 17487 19270 15431 18579 11784 12645 12581 12988 © 11798 35833 29315 10077 205898
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T3] ACREAGE APPLICATICN IN FRESNQ COUNTY (L35_}; (RC = REACTIVITY CLASS); THE UPPER NUMBER IN ANNUAL

{TABLE 4.3, 1975 MONTRLY DISTRIBUTION OF TMTS3IONS 4SSOCIATED WITH INERT ORGANIC INGREDIENTS (FORMULATION CODE 04)

TOTAL IS L3S.; THE LCWER NUMBER IN () 15 PERCENT 5F QUNDS APPLIED.

ANNUAL
CHEMICALS 3¢ AN e} AR PR MAY JUN JuL 203 SEP ocT NOV 0EC  TOTAL
Aromatic Pe- 2 329 Tea 2786 1396 2363 4370 7383 s7Tis 4919 5703 979 659 36947
ﬁf?}g:@ Ots- ;1365 2075 15786 7908 13339 24783 11723 32378 - 27878 32325 5548 3732 209369

{ (96)
Mathyl 1 yiis 2420 2643 4731 7396 14730 29873 19325 16840 19318 3320 2235 125028
Qieats (98)

| <eresene 2 234 133 3§72 ise0 3113 5736 9696 7526 6480 7516 1290 868 48674

3 551 704 s308 2759 466S 3635 14543 11290 971§ 11278 1936 1302 73011
(96}
xylane 3 192 214 1623 a12 1185 2518 4222 3293 (2836 3304 570 386 2133
l . (100)
iCyc?ohexanone 2013 152 1133 579 a77 1796 3012 2349 2023 2357 497 274 . 15217
0
. \LOO)

[ Technical 2(7) 31 0 585 a2 ¢76  t062 178l 138 1136 1394 241 162 3999

:Inerts ) (100)

|3utyroiactane 3 36 10 207 154 260 477 301 524 337 §25 108 73 4043

(100)
Tsoorooano] 312 13 98 50 33 154 258 201 173 202 35 23 1303
» : (100)

laytyl Mereap- 2 7 3 59 10 50 22 154 120 133 120 21 14 778
s an (100)
faichlora- 37 3 58 23 33 51 152 118 162 112 29 14 767
Rydrin . {100)
Oibuty] iz 3 22 12 is kES 59 a7 40 6 3 5 300
Jisuifide (100)
lrscfuran i 2 2 17 3 14 28 54 i35 33 35 8 4 22¢

{100)
3enzena 1L ! . 5 1c 18 29 25 20 71 4 3 145

| (100)
vgthyl Tsc- i 2 2 : 2 3 3 1 a 3 1 1 28
qutyl Latcne (100)
TITAL: sa77 sazi 41241 20838 34931 54575 108718 34435 72597 24367 14494 3734 546167

.

[TABLZ A-<. .37b RITHLY SYSTITA0TION GF 21551005 ASsaliaiad TITT ThEdl oRGANLc LHGRESIZNTS TERRMULATION CO0E 34,
TOR NOMACREAGE APPLICATION :
ANNUAL

SNO COUNTY [L3S.); (RC = REACTIVITY CLASS); THE UPPER NUMBER IN

"aTAL IS L3S.: THE LCOWER SUMEER [N ()} 1S PERCENT JF POUNDS APPLIED,

: — N - ANRUAL

CHEMICALS RC AN =23 AR PES My JUN JuL UG 5zp e Qv 3EC vpra
Aromatic Pe- 2 28 29 173 90 143 252 135 341 291 323 53 43 2240
;:3ffiz J1s- 3 253 153 378 308 s13 1435 2463 1929 151 1827 168 245 1%69?

i11a 96
Metnyl Jleate 3 183 100 536 305 235 591 1476 1136 188 1095 221 140 7607
A (36)
Kerosane 2 59 33 228 118 189 145 573 449 384 425 £ 59 2955
1 ag 39 a1 178 284 519 359 574 575 538 128 29 ?aag
96
fylene 330 13 100 57 24 153 253 197 159 . 188 18 22 2433
(100)
Cyclohexanome 2 20 1 72 37 5¢ 109 152 142 122 136 27 18 934
(100)
l=scanical 23y 12 ? 43 22 33 55 108 33 72 80 7 1t 354
inar*s (1ca)
Jutyrolactone I S 3 19 10 16 29 18 38 a2 38 7 5 243
(100)
tscoropanc] 3 2 1 3 3 5 3 13 12 10 12 2 2 79
{100)
{Centinued)
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TABLE H-4, CONTINUED
ANNUAL
CHEMICALS RC JAN 3} ta3 ARR “AY JUi UL UG sgp aeT HOV JEC TsTAL
3utyl Mercape 2 1 1 : 2 3 3 9 7 6 7 1 1 a7
tan £100)
| Haxana 1 1 2 2 3 5 9 7 8 7 1 1 47
: £100)
Epichiara- 3 1 ! 2 3 9 9 7 5 7 5 151
hydrin {100)
Dibugyl 3 H 2 4 3 2 3 1 12
Disulfide (:00)
Isofuron 3 B i 1 2 3 2 2 2 14
(100)
!Benzene 1 1 ) 1 2 i 1 1 .
; 1100}
‘Mathyl 50~ 3 7 I ) Q 2] 2 2 1 3 3
‘butyl Katone
TOTAL: 592 135 23581 1336 2124 892 4448 3050 4317 4736 363 538 33240
\- -
|TABLE H=3. 1376 MONTHLY QISTRISUTION 7F EMISSIONS ASS0CIATED WITH IMERT OPGANIC INGREDIENTS (FORMULATION CJ0E J9)
; FOR ACREAGE APPLICATICHN [N FRSSNQ COUNTY (LBS.); (RC = REACTIVITY CLASS): THE UPPER NUMBER [N ANNUAL
| TOTAL IS LBS.; THE LOWER YUMBER N () IS DERCENT CF BOUNDS ARPLIZD.
j ANNUAL |
ICHEMICALS € JAN FT8 HAR pLE] AT SUN JuL AUG sEp T NOv EC TOTAL |
X H
Methyl I[so- 3 832 2419 IT%7 1857 4073 2967 SO74 2457 7180 7585 2417 2485 53083
joutyl Ketone 136}
,utyrelactone 3 455 1782 2802 122% 3005 2182 sasa 73 D207 12173 1722 1335 30943
1100)
'Prapylene 1193 754 1137 319 1286 941 1932 2992 2270 3147 755 773 21781
iG1yeonl (26)
iDiese] 041 2 37 144 227 99 245 179 63 571 43¢ 1357 135 140 1158
; 3 149 578 909 308 382 717 we72 2784 1736 5208 373 3347 18623
I {36)
1Xy1ene 363 244 382 87 312 300 515 358 725 2521 224 281 5985
i (100) 1,
iMethyl Cello- 3 80 224 67 159 394 298 738 915 595 2506 232 240 5678
jsalve ‘ (120)
‘Technical 1 a4 156 250 113 279 204 413 530 191 1778 156 170 4741
'inercs (100)
‘lscorapanal 3028 139 216 5 232 153 346 518 110 1478 139 140 13925
: ‘ {100}
I+31uene 3012 29 73 343 a5 52 128 195 149 534 45 390 17N
(109)
Ethylene 14 17 25 i1 29 21 41 57 30 134 17 17 196
Glycol (96)
Diathylene 31 12 20 3 3 15 32 15 % 134 12 i3 159
Triamine : (100)
Cyclohexanol 3 1 3 11 4 11 7 16 23 20 69 3 A 134
(100)
TOTAL: 1693 8544 1g2Ea 1798 11035 3082 18513 25673 15506 70222 6544 6725 187525




TABLE H-3. 1978 MONTHLY AISTRISUTICN OF EMISSIONS AS30CIA
SGR NONACREAGE APPLICATION Nt SRESNQ CCUNTY (L
+OTAL 1§ L3S.; THE LOWER NUMBER N () IS PERCT

TED WITH INERT JRGANIC INGREDIENTS (FORMULATION COOE 09)
35.); {AC = REACTIVITY fLASS); THE UPPER NUMBER N ANNUAL
NT OF POUNDS APPLIED.

: ) . ANNUAL
CHEMICALS 2C JAN ] MAR aApPR MAY JUN JUL AUG sEp - OCT NOV QEC TOTAL
Methyl 1so- 3197 13 197 241 1254 152 1186 1258 145 158 163 28 4147
sytyl Xetone (96)
gutyrclactone 3 32 4 151 2582 372 w7 89 67 111 2758 126 22 3188

(100)

Propyiena 303 6 54 110 311 19 37 409 36 116 53 Sl 1385
alycol (96)
Diesgl 011 2 7 1 12 21 79 3 7 73 9 22 10 2 257
3 26 5 49 26 315 38 29 31s 36 89 41 7 1042

(986)

Xylene 3 4 15 24 19 28 19 39 =] 45 160 i5 13 32!

| (100)

i

iMethyl Zello- 3 B 4 23 10 24 13 37 3 43 152 11 4 111
\sslvg : {120)
| Tachnical 3003 19 13 7 13 2 2 az 31 110 1 10 294

|inerts 1100)

Eisoprapanol 3 2 3 13 ) 14 10 21 2 29 a4 3 3 243
! (100)
iTaiuene 3 3 5 2 5 3 8 12 2 35 3 3 109

! 1100)

EEthv?ene 3 1 2 i 2 L ki 1 3 19 ! 1 29
glycal (96)
Jiethyiene 3 1 L L i 1 2 3 2 3 )8 1 . 2%

lTrﬁamine (i00)

\Cyc?ohexanoi 3 1 i 1 1 1 4 g
% (100)

|

,TDTPL: 273 36 337 378 313 433 115 3240 326 1433 445 21 11541

| |

TASLT H-7. 1976 MONTHLY DISTRISUTION OF EMISSICNS £5SCCTATED WITH MONSYNTHETIC 2%00UCTS (AS MINQR ACTIVE INGREDIENTS) }

25n aCAZAGE APPLICATION [N FRESND C3UNTY [L25.)s [RC = AEACTIVITY CLASS); THE UPPER NUMBER IN ANNUAL TaTAL
‘ 15 L33, THE LOWER NUMBER 1N {) IS PERCINT IF POUNDS 3PRLIED.
i y * ANNUAL |
|CHE AL aC JAN FE3 AR PR uay SUN SUL s sep 6T NOV GEC ToTAL |
larcmatic Petra- 2 1 0 s 118z 3313 2201 3909 a2 il7e 330 1 22674 48996
’ﬂl"" 3 ya < - N
\’~‘m Sclverts 5 7 55 1789 5700 21806 12871 39148 27784 5831 1870 4 128489 277644
: (100)
Petroieum 2 10 2247 14963 13 .5 201 3520 0tz 1249 a a 951 29222
Cistiliare 23 197 2541 35 5 194 621 32 220 0 0 183 SIS
(97}
Petroleum 2 9 0 2 305 123 117 Y 545 301 0 B 25 2830
e R a . - -
el 0 0 1 isse  se8  ge3 2307 1660 1798 0o m W Wz
Setrgleut 2 85 748 a1l 1313 e 2130 a0 359y 5607 7112 649 763 27397
ydracaraan e1 1735 1961 3083 1946 3970 3728 a3ge 13082 16595 1514 1780 5%953
3
Petroleum 011, 2 76798 103029 6944 ea 13723 s8¢ 338 5976 8770 9238 1295 14412 270874
Unclasstfied 5 13553 13182 1225 s 222 914 48 l0ss  ls4s 184l 2@ 5073 4zso§
(95
Xylane 5 g3 1337 3006 3843 8312 14083 27208 21277 3§33 5796 322 347 %ilgg
q
|xyTene 2ange 2 9 2z v 52 577 2238 4061 1345 591 300 0 1 9928
Aromatic 3o1- 3 g 111 382 o g9 9937 1sase 77RO 27ee 1302 0 2 39708
vent » (100)
TITAL: 91365 127375 47L73 23206 34386 S842 13196 114087 52285 4134 4543 195824 934017

*
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TRBLE o3, 1375 YONTHLY DISTRISUTICH 7 413SIONS ASSOCIATED WITH NONSYNTHETIC 30GDUCTS (A5 MINOR ACTIVE [NGREDIENTS)
£o8 ONACREAGE APSLICATICH i FAZSNQ SUNTY (L3S.}; (RC = RSECTIVITY CLASS); THE UPPER NUMBER IN ANNUAL
TOTAL 1S L8S.; THE LOWER Wi "3 1) 15 PERCENT OF S0UNDS APPLIZD.
TNNUAL
CHEMICALS 2c gAN  FE3 e spa ey guw  uo s SEP OCT NV DEC TOTAL
Aromatic Satro- 2 53 g8 3 3 72 1 s 1o 117 169 1% 119 1296
Q ~ N
leum Solvents 5 357 377 3z 31y 4o 218 501 36 se2 342 1108 877 7381
X ‘ . (36)
ineral 011 2 22, %43 27 tae 11@ . 47 18 1 5 9 3 7 1582
14 57 : o 21 3 7 : 3 3 0 0 2%
. (%6)
patroleun e 503 06 Gess 9123 012 2383 72716 9926 3466 3361 1377 115008
Distillate 3 197 108 93 35 133 332 s21 1283 @3 965 81 23 202%
(36).
Setroleum 2 s 3 3 13 21390 2 2 1. 002 3 3 16 26066
Hydrocarban 112 20 g 35 51309 B 3 35 9338 20 5 7 50817
96)
satroleum 011, 2 1338 2840 349 1S3 g 71 283 1% st 1712 245 2970 11263
' 1
Unclassified 3 93g  gag 158 52 3 30 15 % 12 13 524 1388
{36)
(ylene s 99 285 283 31 276 200 16 LTS 3 14l 15 0 2007
(96)
{vlana Range 2 5 10 22 22 120
Argmatic ol ' -
Arem 3 42 139 2 39 (;§§
TOTAL: a0 sore  afs sesn 3374 1e7n 4349 37101 20134 9804 5273 5074 248552
145 T

-1

ABLE H-9. 1976 MOMTHLY DISTRIZUTIOM OF ZNMISSICNS ASSOCTATED WITH NGHNSYHTHETIC SRODUCTS [AS PURE QLL) FIR ACREAGE
APPLICATION IN FRESHO COUNTY [L3S.)¢ TRC = REACTIVITY CLA 51y TRE PPER NGMBER IS LBS.; THE LOWER
NUMBER IN {) IS PERCENT IF S0UNOS 2PPLIED.

s ' ] ANNUAL
CHEMICALS e AN FET3 AR ape  MAY UM UL Aus  SEP OCT MOV DEC TOTAL
Aromatie Patro~ 2 253319 253819
Teum Solvents ;3 1438308 1438308
{100)

Mineral 011 2 20670 200205 15438 3920 7663 253896
4354 35330 2724 1045 1352 14805

. (96)

Patraleun 2 1616 1616
Distillate 3 285 285

. {97}

Pstroleun 2 201338 144762 30163 376783
ydrocaroon 3 471002 304446 7037 1345827

(o7t

|petroetun oi1, 2 311038 286540 25038 5551 125168 336%6 20277 38353 31807 22250 16843 713589 2285808
Unclassifed 4 coian 1sgeas 5107 380 22089 3904 3578 9763 5613 3926 2037 126810 403343

' (36)

TOTAL ; s30261 1273523 52207 13636 S20117 19350 22870 1215230 137962 26176 19532 2537325 8604290

309
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